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puest Editorial by Gen. Orval R. Cook 


It takes brains... 


to guide a missile . . . mechanical brains, 
that is, like this tough but tiny smsse 
digital computer module. af@aza has put 
a great many brains to work designing a 
fully transistorized and miniaturized digi- 
tal computer, a critical part of amana's 
all-inertial guidance system for the Air 
Force ICBM Program. 


More brains, the human kind, are now needed for aaasa's 
inertial role in the Air Force ICBM Program. Specialized 
senior engineering and technical management positions 
with excellent growth potential are now available. Write 
to Amafa ... Professional Personnel, Garden City, N. Y. 
Prompt, convenient, confidential interviews. 


5836-4 
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ANSWER 
TO THE 
PROBLEM 
OF RE-ENTRY: 


Nose Cone of Very Special Material — 
engineered by Goodyear Aircraft 


T° SPEARHEAD a ballistic missile 
calls for engineering ingenuity to solve 
the re-entry problem. 


Shown here is a special nose cone fabricated 
of a classified material developed through 
the teamwork of the Army Ballistic Missile 
Agency and the engineering skill of 
Goodyear Aircraft Corporation. 


Result: the Army’s Jupiter — and other 
ballistic missiles of the future—will look to 
Goodyear-built nose cones to bear the brunt of 
red-hot re-entry into the earth’s atmosphere. 


Such performance is the result of applied 
engineering in which Goodyear Aircraft has 
been a standout for many years. These 

skills are backed by huge manufacturing 
facilities including mammoth presses to 
mass-produce this product. 


Let these skills solve your special problems. 
Write, today and now, to 
Goodyear Aircraft Corporation. 


Dept. 916FT, Akron 15, Ohio. 


dhe of the Prime Capabilities of 


AIRCRAFT 


Plants in Akron, Ohio, and Litchfield Park, Arizona 
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On our cover 


A new photo of the Republic F-105 Thunderchief, going into volume production 
next month, shows the latest model (bottom plane) being refueled. A three-view 
of the fighter-bomber, which can carry combinations of nuclear weapons, and 
other stores, is at left. Its flight control system (GE-designed), literally function; 
as an “electric copilot,’ Republic has announced. Advanced versions incorpo. 
rating the all-purpose NASARR monopulse radar system will be able to attack 
targets through fog and darkness. The internal bomb storage area 1s a bay 
longer than that in the World War II Flying Fortress. The first production mode 
was turned over to the Tactical Air Command on May 27. Ta speed transition 
of the Thunderchief from test to squadron use, TAC’s 335th Squadron of the 
Fourth Fighter Wing will carry out operational and functional testing at Eglin 
AFB, Fla., under a new USAF procedure. 
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CAN PUT H!-TEMPERATURE STRUCTURES 
TO YOUR PRODUCTION 


When Temco engineered and developed the aft-fuselage and 
vertical stabilizer section of Convair's B-58 Hustler... the wing 
section and fuselage panels of Temco’s own TT-1 jet trainer... 
the wings of the air-launched ‘‘Teal’’ missile. . . the aircraft in- 
dustry acknowledged Temco as a leader in development and 
production of honeycomb sandwich and hi-temperature struc- 
tures. Missile applications currently programmed are substan- 
tial recognition of Temco’s stature. 


At Temco metal and plastic sandwich structures have been 
employed in all types of airframe applications, with notable 
development in the field of stronger, higher heat-resistant 
metal bondings ... in improved plastic materials and methods 
of reinforced plastic honeycomb fabrications. 


Other outstanding advances now under development at Temco 
are a new low-cost process for brazing stainless steel honey- 
comb structures, employing a revolutionary new concept... 
_. and experimental progress in the new field of ‘‘cermets.”’ 


Since pioneering the ‘‘total package’’ concept of subcontract- 
ing ... design, tooling and production. . . Temco’s engineering 
staff and facilities have increased significantly, a growth as 
rapid and as sound as that of the industry they serve. Today 
these design support capabilities have been extended to en- 
compass complete systems management. Whether your need 
is for a component, a subassembly, or a subsystem, an inspection 
~~ ef Temco capabilities will prove profitable. 
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News 


. a record of people and events of interest to Institute Members 


A. Scott Crossfield Wins 
1958 Octave Chanute Award 


X-15 Pilot Cited for Contributions to 
Human Factors of High-Speed, Altitude Flight 


Ou PILOT chosen to be the first man 
in space has won the Institute’s 1958 
Octave Chanute Award. A. Scott 
Crossfield, North American Aviation 
Development Engineer and Experi- 
mental Test Pilot who will fly the X-15, 
was presented with the award at the 
IAS National Summer Meeting last 
month. 

The 37-year-old native Californian 
was cited for “extended and significant 
contributions to the knowledge of human 
factors involved in flight at extremely 
high speeds and high altitudes.” 

Mr. Crossfield first flew when he was 
6 years old—as a passenger—and, when 
he was 12, became a student pilot. He 
said he has always had the intention to 
fly and that he realized there was a 
definite pattern to follow to achieve 
this ambition. 


“T did what I felt were the things to 
prepare me best for the things I wanted 
most. This was to gain experience in 
several fields, notably engineering, busi- 
ness, aeronautical design, and labora- 
tery work.” 

He entered the University of Wash- 
ington in 1940 and, after an interruption 
during World War II, was graduated 
with a B.S. degree in aeronautical engi- 
neering in 1949. In 1950 he received an 
M.S. in aeronautical science from the 
same school. While at school prior 
to the war, he worked for Boeing Air- 
plane Co. as a Production Expediter. 

Mr. Crossfield joined the Navy in 
1942 and became a Naval Aviation 
Cadet at Corpus Christi, Tex. He 
flew Navy N3N, SNV, SNJ, F4F, 
F6F, SBD, and F4U aircraft during his 
service and also was a fighter-type in- 
structor and maintenance officer. 

During his postwar college tenure he 
worked with the University of Wash- 


ington wind-tunnel staff and was an 
aircraft accessory designer for Seeger 
Aircraft Specialties. 

By 1950 Mr. Crossfield had accumu- 
lated some 2,500 hours flying time in 
piston-engine aircraft. In June of that 
year he joined the NACA High Speed 
Flight Research Station as an Aero- 
nautical Research Pilot. 


When he began the Douglas D-558-I 
Skystreak program, he had but 20 hours 
in jets, having achieved the transition 
in an F-84. He spent 5 years with the 
NACA research aircraft doing ‘‘usual 
research test flying, which is using the 
airplane to its extreme envelopes.” 


Preferred D-558-ll 


His preference ran to the D-558-II 
in which he became the first pilot to 
reach a speed of Mach 2 (1,327 m.p.h.), 
accomplished in 1953. This rocket- 
powered aircraft had virtually no es- 
cape system. He also flew the Convair 
XF-92A, Northrop X-4, Bell X-1, Bell 
X-5, and the F-100 in roll coupling 
test programs. 

Mr. Crossfield views the X-15 as the 
next obvious step in research. Some- 
thing beyond the X-2 was needed, and 
the idea was considered by many 
groups—NACA, the Navy, the USAF; 
he participated in the NACA effort to 
determine what this airplane could be. 
North American’s design proposal was 
accepted by the USAF in 1955, and, 
in December of that year, he joined the 
firm, 

His job with the X-15 is to obtain 
operational evaluation in the entire 
design of the airplane—not solely to 
fly it. He has formulated the design re- 
quirements of the aircraft’s escape sys- 
tem and has coordinated engineering 


‘and manufacturing plans with respon- 


sible offices in the Air Force and NACA. 


A. Scott Crossfield 


X-15 Objectives 


For Mr. Crossfield the X-15 repre- 
sents the maximum performance in alti- 
tude and speed which can be practi- 
cally attained with a single-stage ve- 
hicle, with existing fabrication methods, 
materials, and in the shortest time with 
the best economy. The X-15, he says, 
will investigate three regions: stability 
and handling qualities at extreme speeds 
and altitudes; handling qualities for 
extra-atmospheric flight; and the effects 
of aerodynamic heating on an airframe. 

In addition to his research flying, he 
has been active in the study of human 
factors and has given considerable atten- 
tion to problems of developing a pres- 
sure suit. He was a consultant to the 
Navy in the operational development 
of its full-pressure suit, which he per- 
sonally tested under extreme condi- 
tions of heat, cold, and pressurization in 
altitude and heat chambers. 

He also subjected himself to complex 
acceleration forces in tests at the Naval 
Air Development Center to obtain data 
on a pilot’s reaction to emergency con- 
ditions that could be met in flights at 
supersonic speeds. 

The IAS Award, a certificate and 
honorarium, is given annually for “a 
notable contribution made by a pilot 
to the aeronautical sciences.” Last 
year’s winner was Lt. Col. Frank K. 
Everest, Jr., who was cited for develop- 
ing Bell X-2 flight test techniques. 
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MISSILE CHECK-OUT 


TEST STAND 
OPERATION 


WIND TUNNEL 
INSTRUMENTATION 


TELEMETRY 
DATA REDUCTION 


The RW-300 

is the first 

digital computer 
for test control 
and data reduction 


Now—at the test site—completely automatic test control and data 
reduction can be handled by a single system incorporating the 
Ramo-Wooldridge RW-300 Digital Control Computer. The new RW-300 
can schedule and closely control test routines, and it can collect, 
analyze, and record test data. 


The versatile RW-300 utilizes input data as feedback to modify control 
actions, thus substantially shortening many test routines. In addition, the 
RW-300 directly logs both instrument data and complex relationships 
among these data. Thus, test results are available immediately. The 
time-consuming task of processing raw data through a separate computer, 
often remote from the test facility, usually can be eliminated. 


For technical information on automatic test control and data reduction 
with the RW-300 and with special digital systems which utilize solid-state 
components exclusively, write: Director of Marketing, The 
Thompson-Ramo-Wooldridge Products Company, P.O. Box 45607, 
Airport Station, Los Angeles 45, California, or call OSborne 5-4601. 


THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY 
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May 12 luncheon speaker was Rear Adm. 
K. S. Masterson, Director, Guided Missile Divi- 
sion, Office of Chief of Naval Operations. 


The Honorable William M. Holaday (standing) was principal speaker at the dinner. Other guests 
at the head table are (left to right): R. H. Charles; Brig. Gen. William B. Bunker; J. S. McDonnell; 


Edward C. Wells; and Rear Adm. Selden B. Spangler. 


1,000 Members Attend Guided Missiles Meeting 


_ IAS National Midwestern Meet- 
ing on Guided Missiles in. St. Louis, May 
12-14, was attended by some 1,000 mem- 
bers. 

Featured were classified sessions on pro- 
pulsion, guidance and control, engineering 
management in missile development, 
operational analysis, aerodynamics and 
ballistics, composite design, astronautics, 
structures, and aerodynamic heating. 

May 12 luncheon speaker was Adm. 
K. S. Masterson, Director, Guided Missile 
Division, Office of Chief of Naval Opera- 
tions. Navy missile weapons systems in 
use and under development was his topic. 

Colonel Edward M. Hall, USAF Bal- 


Colonel Edward M. Hall, Air Force Ballistic 
Missiles Division, ARDC, spoke at a luncheon on 
May 13. 


listic Missile Division, ARDC, spoke at 
the May 13 luncheon on the development 
of modern weapon systems. 


Some 600 members and guests attended 
the May 12 dinner, the only unclassified 
gathering of the meeting. The Honorable 
William M. Holaday, Director of Guided 
Missiles, Department of Defense, spoke 
on ‘The Future of Guided Missiles.” 
He reviewed current and future missile 
programs and stressed the importance of 
keeping all aspects of national defense in 
true perspective. 


Leo Mirowitz, Chairman, St. Louis 
Section, was dinner host. IAS President 
Edward C. Wells, Toastmaster, intro- 
duced members and guests seated at the 
head table as follows: Vernon Outman, 
Meeting General Chairman; S. Paul 
Johnston, IAS Director; Capt. T. W. 
Collins, BuAer, St. Louis; Robert H. 
Charles, Executive Vice-President, Mc- 
Donnell Aircraft Corp.; Rear Adm. K. S. 
Masterson; Maj. Gen. James F. Phillips, 
USAF (Ret.), Aircraft Industries Associ- 
ation; Brig. Gen. William B. Bunker, 
U.S. Army Transportation Supply and 
Maintenance Command; J. S. McDon- 
nell, President, McDonnell Aircraft; Rear 
Adm. Selden B. Spangler, Naval Air De- 
velopment and Materiel Center; Kendall 
Perkins, Vice-President-—Engineering, 
McDonnell Aircraft; Col. Edward M. 
Hall; B. G. Bromberg, McDonnell Missile 
Chief Engineer, and Chairman, Technical 
Program Committee; and Mr. Holaday. 


Included in the program were field trips 
to McDonnell Aircraft Corporation’s 
laboratories and assembly lines and a 
ladies’ program. 


The St. Louis Section of the Institute 
was meeting host. McDonnell Aircraft 


August 1958 + Aero/Space Engineering 13 


By John F. Yardley* 


loaned auditorium space for the technical 
sessions and luncheons. 

Some of the St. Louis Section members 
who contributed to the success of the 
meeting were: Mr. Outman; Mr. Brom- 
berg; E. M. Flesh, R. E. Roth, C. H. 
Perisho, A. D. Massey, and R. R. Ste- 
phens—all of whom were Arrangement 
Committee Chairmen and  Vice-Chair- 
men; Lt. Comdr. A. J. Geel and T. M. 
Bellan, Security; and F. H. Roever and 
Margaret Bernard, Semi-Technical Pro- 
grams. 


* Project Engineer, McDonnell Aircraft Corp. 


Leo Mirowitz, Chairman, IAS St. Louis Section, 
which was host for the meeting, was official 
welcomer. 
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Sou: 900 members and guests turned 
out for the Honors Night Dinner of the 
American Helicopter Society’s 14th An- 
nual National Forum, April 16-19, at the 
Sheraton Hall Hotel, Washington, D.C. 

Honors presented at the April 17 dinner 
included the Dr. Alexander Klemin 
Award, the Society’s highest honor, given 
to Friedrich L. von Doblhoff, Chief Heli- 
copter Engineer, McDonnell Aircraft 
Corp., and the Captain William J. Kossler 
Award, accepted by Lt. Col. Charles E. 
Hollis for the U.S. Army’s Transportation 
Aircraft Test and Support Activity. This 
was given ‘‘for greatest achievement in 
practical application or operation of rotary 
wing aircraft, the value of which has been 
demonstrated in actual service during the 
preceding year.” 

Recipients of AHS Honorary Fellow- 
ships were Rene H. Miller, Professor, 
Massachusetts Institute of Technology, 
and Col. Robert R. Williams, President, 
U.S. Army Aviation Board. The citation 
was made for having ‘‘distinguished them- 
selves by notable and meritorious service 
in the advancement of rotary wing aero- 
nautics.”’ 


New Officers 


New AHS officers for the 1957-58 term 
were introduced at the Membership 
Luncheon on April 18. They are: Presi- 
dent—Charles H. Kaman, President and 
General Manager, The Kaman Aircraft 
Corp.; Secretary—Leon L. Douglas, 
Vice-President—Engineering, Vertol Air- 
craft Corp.; and Treasurer—Donald M. 
Thompson, Chief, Engineering and De- 
velopment Branch, Army Aviation Div., 
Office, Chief of Transportation. New 
England Vice-President—Michael J. Theo- 
dore, Assistant Project Engineer, Sikorsky 
Aircraft Division, United Aircraft Corp.; 
Mideast Vice-President— Newby O. 
Brantly, President, Brantly Helicopter 
Corp.; Midwest Vice-President—Jack E. 
Leonard, Manager, Military Requirements, 
Helicopter Division, Cessna Aircraft Co.; 
Southwest Vice-President—Elton J. Smith, 
Flight Test, Bell Helicopter Corp.; 
Southeast Vice-President—George W. Fey, 
Sikorsky Washington Representative; and 
Western Vice-President—Paul C. Thorn- 
bury, Air Carrier Safety Inspector, CAA. 


Technical Sessions 


Technical Chairman for the Forum was 
Professor Miller. Sessions were held on 
April 17 and 18. They included the fol- 
lowing subjects: VTOL Aircraft, Opera- 
tions, Theory and Test, and Tip Jet Pro- 
pulsion. Proceedings of the Forum may 
be obtained by writing to the Executive 
Secretary, AHS, 2 E. 64th St., New York 
21, N.Y. Price is $4.00 for members and 
$6.50 for nonmembers. 

The Forum also included a Technical 
Trade Exhibit and an Air Show in which 22 
different types of rotary wing aircraft took 
part. 


AHS FOURTEENTH NATIONAL FORUM HELD APRIL 16-19 


Honors Night Draws 900 


Friedrich L. von Doblhoff (right) was presented the American Helicopter Society's 
highest award—the Alexander Klemin Award—by Jack E. Leonard, AHS Vice-President. 


1958 WATER-BASED AVIATION AWARD 
Won by Navy BuAer Scientist 


By W. S. Locke, Jr., Assist- 
ant Director of the Navy Bureau of 
Aeronautics Research Division, has won 
the Institute’s 1958 Water-Based Avi- 
ation Award. 

The award was presented to him at the 
IAS National Summer Meeting held last 
month in Los Angeles. He was cited for 
“outstanding analyses, design studies, 
and hydrodynamic test programs result- 
ing in improved performance for séa- 
planes.” 

The award was established at the 
1957 Annual Meeting in memory of 
Edwin C. Musick, pioneer of overseas 
air transport routes, who was killed in 
1938 while in command of the first com- 
mercial flight from the United States to 
New Zealand. Designed to stimulate 
water-based aircraft research, the award 
is given “for meritorious work in the 
design or operation of water-based air- 
craft leading to advances in performance 
or utility.” 

Mr. Locke pioneered the development 
of techniques for conducting tests on small 
models of flying boat hulls to determine 
such hydrodynamic characteristics as 
spray, porpoising, directional stability, 
and rough water behavior. This was 


done at the Stevens Institute of Technol- . 


ogy Experimental Towing Tank between 
1937 and 1944. 
In the latter year he became a hydro- 


Frederick W. S. Locke, Jr. 


dynamic consultant in the Research 
Division of BuAer, where he assisted in 
design studies which led to the XP5Y-1. 

A prolific worker at both Stevens and 
BuAer, Mr. Locke has authored or co- 
authored some 75 reports on seaplanes 
and numerous others that are classified. 
He has made important contributions in 
the following spheres: towing tank tests, 

(Continued on page 112) 
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NEW 


actuators 


Reduce weight and cost 25% below conventional design 


A reduction in actuator cost and weight 
up to 25 per cent, with similar mainte- 
nance savings, has been achieved through 
the advance design of AiResearch electro- 
mechanical Limit Switchless Actuators for 
aircraft and missiles. 

Elimination of limit switches in power 
actuators is a result of AiResearch devel- 
opment of superior high temperature 
motors and resilient non-jamming positive 
stops. 

Limit switches are eliminated by two 
methods: 1) use of continuous stall high 
temperature motors, 2) use 


Systems, Packages and Components for: A\RCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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of high temperature motors with thermal 
protectors which permit maximum on time 
in the duty cycle. 

Additional advantages of AiResearch 
Limit Switchless Actuators: they are 
smaller, less complex and the possibility 
of limit switch failure is eliminated. 

Development of Limit Switchless Actu- 
ators reflects AiResearch experience in 
producing more than a million rotary and 
linear units. Current production includes 
several hundred actuator types, many with 
high temperature applications. 

Your inquiries are invited. 


GARRETT 


A Seat Actuator, CONVAIR B-58 
B Seat Actuator, LOCKHEED F-.104 
C Rotor Blade Trim Actuator 


D Elevator Actuator, TEMCO XKDT-1 
Target 


E 2-Motor Trim Actuator, REPUBLIC 
F.105 


F General Purpose Linear Actuator 


G Dual Purpose Feel Trim Actuator, 
AVRO CF-105 


Hi Rudder Trim, AVRO CF-105 


! Duct Shutter Actuator, LOCKHEED 
ELECTRA 


AiResearch Manufacturing Divisions 


ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


Los Angeles 45, California « Phoenix, Arizona 
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| he Detroit Regional Student Con- 
ference was held May 6 at the University 
of Michigan, Ann Arbor. 


Judges were John T. Burns, General 
Manager, Sales and Service, Aerohy- 
draulics Division, Vickers Inc.; Lovell 
Lawrence, Jr., Technical Director, Red- 
stone System Coordination Office, Missiles 
Division, Chrysler Corp.; and Oliver E. 
Rodgers, Engineering Manager, Utica 
Division, Curtiss-Wright Corp. 


First prize was won by William D. 
Clifford, University of Detroit, for his 
paper “Effect of Air Temperature on Vor- 
tex Shedding Behind Cylinders.” 


Bert Hilburger, University of Michigan, 
won second prize for a paper on ‘‘Inertial 
Guidance.” 

Third prize went to William A. Stevens, 
Wayne State University, for his paper 
“Hydroduct Propulsion.” 


DETROIT STUDENT CONFERENCE 
Held at Michigan University 


William D. Clifford, first-prize winner 


ST. LOUIS REGIONAL CONFERENCE 
Presents Seven Student Awards 


| == of the St. Louis Regional 
Student Conference, April 18-19, were the 
presentations of seven student awards and 
three Section awards. 

Conway Briscoe, Chairman, St. Louis 
Airport Commission during its expansion 
program, was recipient of the Section’s 
first award for the outstanding contri- 
bution toward the progress of aviation in 
the St. Louis area. He received the award 
for his contribution toward the building 
of the expanded airfield and new terminal. 


The second award, for a notable con- 
tribution to the aeronautical sciences, went 
to John F. Mello (A), Missiles Division, 
McDonnell Aircraft Corp., for his work on 
missile re-entry problems. 

Both awards, brass-on-wood, engraved 
plaques, were presented by Section Chair- 
man Leo I. Mirowitz. 


A third award was presented to Section 
member Parnell Schoenky for the most 
notable contribution to the St. Louis Sec- 
tion activities, 1956-57. Mr. Schoenky’s 
contribution was to the Section’s TV series 
and 1957 Model Contest. 

Rear Adm. Lloyd Harrison, USN (Ret.), 
an IAS Associate Fellow, presented seven 
student awards as follows: First prize to 
George Michos, University of Kansas, for a 
paper on “‘An Experimental Investigation 
of Internal Compression Intake Nozzles 
with Perforated Walls.” 

Second prize was won by Richard Moni- 
cal, University of Wichita, for his paper 
“An Experimental Investigation of the 
Magnus Effect.”’ 


Alfred Uhalt, Jr., University of Illinois, 


received two awards: third prize fora 
paper on ‘‘The Feasibility of and Problems 
Associated with the Establishment and 
Logistic Supply of a Manned Earth 
Satellite’? and for the best oral presenta- 
tion. 

Three honorable mention awards were 
presented to: True Cousins, University of 
Kansas, for his paper ‘‘Understrength De- 
sign of Aircraft Structure’; Thomas A. 
Littmann, Washington University, for his 
paper ‘Factors Affecting the Tensile 
Strength at Elevated Temperatures’; 
and Paul D. Van Fleet, University of 
Kansas, for his paper ‘‘The Design and 
Laboratory Analysis of an Air Lubricated 
Thrust Bearing.” 

Mr. Michos’s award was presented by 
John Aura Parcel, Vice-President and 
Director, Sverdrup & Parcel, Inc. 

Some 123 members and guests then 
heard the principal speaker, Rev. Paul C. 
Reinert, S. J., President, St. Louis Uni- 
versity, speak on ‘“‘The Long Shadow of 
Our Educational Past.’’ He pointed out 
that an overemphasis has been placed on 
improving educational ‘‘methods’’ to 
the detriment of educational ‘‘means”’ and 
subject material and offered three solutions 
to this problem. 

A large assist was given to the St. Louis 
Section’s conference efforts by the fol- 
lowing companies: Aero Engineering Co.; 
Allison Division, General Motors Corp.; 
Emerson Electric Manufacturing Co.; 
General Electric Co.; Harris-Hanson Co.; 
McDonnell Aircraft Corp.; Minneapolis- 
Honeywell Regulator Co.; Sverdrup & 
Parcel, Inc.; and Westinghouse Electric 
Corp., Baltimore Division. 
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Necrology 


Karl J. Fairbanks 


The Institute has received news of the 
death of Karl J. Fairbanks (AF) on June 8 
at Yonkers, N.Y. A Vice-President and 
Director, Fairchild Data Devices Corp., 
Mr. Fairbanks was 55. 

He also was a Vice-President and Gen- 
eral Manager, Sherman Fairchild & 
Associates, Inc. He joined Fairchild in 
1944, after 4 years with Brewster Aero- 
nautical Corp. where he began as a Design 
Engineer and rose to Engineering Man- 
ager, Long Island City plant. 

From 1924 to 1940 he was associated 
with the NACA Langley Laboratory, 
Consolidated Aircraft Corp., Aviation 
Corp., and Edo Aircraft Corp. He was a 
faculty member of New York University 
from 1930 to 1939. 

Mr. Fairbanks received a B.S. degree in 
aeronautical engineering from the Univer- 
sity of Michigan in 1924 and an M.S. from 
New York University in 1937. 

He was a collector of gems and minerals 
which he mined himself and was a member 
of the Westchester Gem and Mineral 
Society. He also belonged to the Echo 
Bay Yacht Club, New Rochelle, N.Y., and 
the American Ordnance Association. 


George H. Hauser 


The Institute has learned of the death 
of George H. Hauser (M), Assistant to the 
President, Republic Aviation Corp., on 
May 26. He was 62. 

Mr. Hauser was a 1917 graduate of New 
York University where he studied me- 
chanical engineering. From 1918 to 1923, 
he was Production Manager at Curtiss 
Aeroplane and Motor Corp. of Garden 
City, N.Y. Later he held executive posi- 
tions with Chance Vought Corp., Builders 
Flooring Co., A&S Tool Works, Inc., and 
the Kirkham Engineering and Manufac- 
turing Corp. 

Mr. Hauser was Executive Vice-Presi- 
dent of Liberty Aircraft Products Corp. 
from 1940 to 1957, when he was elected 
President. 

He won the N.Y.U. Alumni Meritorious 
Award for 1944 and in 1950 received an 
honorary Doctor of Laws degree from this 
school. 

Mr. Hauser served on many civic and 
community organization posts. 


Hollis H. Schunter 


The Institute has received news of the 
death of Hollis H. Schunter (M) at Here- 
ford, Tex., on February 2. He was 47. 

Mr. Schunter had been interested in all 
phases of aviation and, at the time of his 
death, was owner and operator of Val Air 
of Hereford and Hereford Flying Service. 
He had been in the aerial crop dusting 
business since 1954. 

Prior to forming his own company, he 
was a meteorologist for Pan American 
World Airways (Brownsville, Tex.) which 
he joined in 1941. 

Mr. Schunter received his first pilot 

ating in 1938 and a year later entered 
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Of the 60 producers of stainless steel... 
only ALLEGHENY LUDLUM makes all sizes, shapes, finishes and analyses 


In its November 4, 1957 issue, STEEL magazine published 
a complete run-down on the stainless steel industry. This 
article reveals that only Allegheny Ludlum, of the 60 some 
companies making stainless, produces all sizes, shapes, 
finishes and analyses. 

This can save you considerable time and money. When you 
make Allegheny Ludlum your one source of stainless, you 
work with one sales engineer—one order, whether you buy 
sheet, strip, bars, tubing or whatever. 

And, at the same time, you get the best technical service. 
A-L’s crack research and development department is con- 
tinually searching for new alloys, and better ways to use 


today’s. Its findings are freely available to you through 
sales engineers, technicians and special literature. 

Allegheny Ludlum follows the product from the melt 
through to finished form, has greater quality control over 
the stainless you buy. And since A-L makes all forms of 
stainless, you get unbiased recommendations as to what is 
best for your individual needs. 

Profit by Allegheny Ludlum’s status as the only one-source 
integrated supplier of all stainless forms. Call your A-L 
representative today . . . see how he can save you money 
and time. Or write Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


wsw 7121 


ALLEGHENY LUDLUM $4 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 
EVERY FORM OF STAINLESS... . EVERY HELP IN USING IT 
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Boeing School of Aeronautics, Oakland, 
Calif., where he majored in meteorology. 
He also served for 6 vears in the Navy. 

He was a member of the American 
Meteorological Society. 


Donald C. Voelker 


The Institute has learned of the death 
of Lt. Donald C. Voelker, USN (A), on 
April 15 near Tucson, Ariz. He was 26. 

Lieutenant Voelker had been Electronics 
Officer in Attack Squadron 55 stationed at 
San Diego, Calif. 

He was graudated from the Woonsocket, 
R.I., High School in 1948 and a year later 
entered the Naval Academy. He re- 
ceived a B.S. degree in electrical engineer- 
ing from the Academy in June, 1953. 


Avco Research Laboratory 
Is New Corporate Member 


The Avco Research Laboratory (a divi- 
sion of the Avco Manufacturing Corp.) has 
joined the IAS as a Corporate Member. 

Located at Everett, Mass., the Labora- 
tory conducts theoretical and experimental 
research in high-temperature gas dynamics 
and hypersonic flight. It was created 3 
years ago to obtain an understanding of 
the fundamental parameters affecting re- 
entry of IRBM and ICBM nose cones. 

Recently a new type of wind tunnel, 
using arc-heated air, was installed and is 
being used in materials research and basic 
studies of physical processes such as abla- 
tion. 

Closely related to the re-entry heating 
problem is the chemical physics of the 
upper atmosphere upon which area Avco 
has conducted considerable research. 

During the past 2 years, research has 
been conducted on manned satellites; asa 
result, conceptual designs have been devel- 
oped which use a parachute recovery 
technique. 

In addition, research in magnetohydro- 
dynamics (MHD) has been carried on. 


Membership Committee 
Adds Three to Its Staff 


Three Members have been named to the 
IAS National Membership Committee. 
They are A. W. Gilmore (M), Head, 
Aerophysics Group, Grumman Aircraft 
Engineering Corp.; Earl P. Osborn (AF), 
Applied Loads Engineer, also of Grumman; 
and E. P. Pillsbury (M), Chief Engineer, 
Guided Missiles Division, Fairchild En- 
gine and Airplane Corp. 

The Membership Committee is the 
group responsible for evaluating the 
acceptability of applicants for IAS mem- 
bership and for determining grades to 
which they will be elected. 


Five IAS Members 
in Reorganized Firm 


The newly reorganized National Re- 
search and Development Corp. boasts 
five IAS members on its staff. Ronald C. 
Wakeford (M), Director, Technical Opera- 
tions, General Astronautics Corp., is Vice- 
President and-a Director. Frederick C. 


Durant, III (AF), Staff Member, Arthur 


D. Little, Inc., also is a Director. 

On the consulting staff are Willy Ley 
(M); Paul Sandorff (M), Associate Pro- 
fessor, Aeronautical Engineering, M.I.T.; 
and Otto C. Winzen (A), President, Winzen 
Research, Inc. 


1959 Nuclear Congress 
to Be Held April 5-10 


The IAS again will join the many engi- 
neering societies sponsoring the 1959 


tas News 


Nuclear Congress—to be held at Cleve- 
land, Ohio, from April 5-10. 

The Congress will be composed of four 
parts: The Nuclear Engineering & Science 
Conference, the Hot .Laboratories & 
Equipment Conference, the Atomic Energy 
Management Conference, and the Atom- 
fair display of nuclear equipment. 

Aero-space engineers and scientists who 
would like to present technical papers are 
invited to submit outlines before October 
1, 1958. Summaries of from 300-500 
words should be submitted to the secre- 
tary of any one of the sponsoring societies. 


News of Members 


Neil Burgess (AF) has been named 
Manager of General Electric Company’s 
newly organized Commercial Engine 
Operation. An IAS Vice-President, Mr. 
Burgess had been Manager, J-79 Project. 
Both departments are in the firm’s Air- 
craft Gas Turbine Division. 


Jack P. Davey (A), Sales Manager, 
Aeronca Manufacturing Corporation, Bal- 
timore facility, has been allotted patent 
rights to the trademark ‘‘Digidac”’ in rec- 
ognition of his part in development of that 
line of proprietary company products. 


Alfred M. Feiler (M), formerly Head, 
Special Projects Department, of the 
Hughes Tool Company’s Aircraft Divi- 
sion, is Manager, Advanced Systems De- 
velopment Division, Cleveland Pneu- 
matic Industries, Inc., Beverly Hills, Calif. 


Brig. Gen. Don D. Flickinger, USAF 
(AF), has been appointed to a newly es- 
tablished position as Special Assistant for 
Bio-Astronautics, Deputy Commander 
for Ballistic Missiles at ARDC’s Air 
Force Ballistic Missile Division, Ingle- 
wood, Calif. General Flickinger had been 
Commander, ARDC European Office. 


Najeeb E. Halaby (M) has been ap- 
pointed Vice-President in charge of Fi- 
nance and Administration and elected a 
Director of Servomechanisms, Inc. Mr. 
Halaby was previously Vice-President.in 
charge of company development. In his 
new position he will be in charge of the 
Administration, Treasury, and Account- 
ing activities, as well as Personnel, Facili- 
ties, Public Relations, Advertising, and 
legal functions. 


Frederick C. Hall (A), formerly an 
Aerophysics Engineer, Convair (Ft. 
Worth) Division, General Dynamics Cor- 
poration, has joined the faculty of Texas 
A&M College as Associate Research En- 
gineer. He is Manager, 7 X 10 Low- 
Speed Wind Tunnel. 


Alvin Hittner (M), formerly Senior 
Stress Engineer, All American Engineering 
Co., Wilmington, Del., has joined the 
Naval Air Engineering Facility, NAMC, 
Philadelphia, Pa., as Mechanical Engineer. 


Evert C. Hokanson (AF) has announced 
the formation of Components Corpora- 
tion (engineering service and sales), for- 
merly Control Components Company. 


Mr. Hokanson was a partner of the original 
firm. 


Jerome Lederer (F), Director, Flight 
Safety Foundation, Inc., and the Cornell- 
Guggenheim Aviation Safety Center, was 
presented with the first Monsanto Avia- 
tion Safety Award by the Aviation Writers 
Association for having made 1957’s ‘“‘most 
significant and lasting contribution to air- 
craft operating safety.” 


Ralph C. Lenz, Jr. (M), Chief, Plans 
Division, USAF Wright Air Development 
Center, has been granted a Sloan Fellow- 
ship at Massachusetts Institute of Tech- 
nology’s School of Industrial Management. 


Edwin A. Link (AF), President, General 
Precision Equipment Corporation, has 
been appointed to the executive committee 
of the Flight Safety Foundation. 


Robert K. Lowry (M), formerly Sales 
Engineer, The Thorson Company, Los 
Angeles, Calif., has joined Chicago Aerial 
Industries as Western Regional Manager 


Allen F. Donovan (AF), Vice-President, Space 
Technology Laboratories Division, The Ramo- 
Woolridge Corp., has been cited for outstanding 
service to the Air Force. This was for his con- 


tributi as a ber of the Aircraft Panel, 
Scientific Advisory Board to the Chief of Staff, 
from 1949-1957. The citation was a letter of 
appreciation signed by the Board Chairman 
James H. Doolittle. 
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Harrison aircraft oil coolers— 
another quality product of 
General Motors research in 
the field of thermodynamics. 


Quality qualifies Harrison 
for the rugged job of cooling 
Northrop guided missile! 


The Snark blasts off in an inferno of heat—but Harrison keeps 
temperatures down to earth. With a trans-oceanic range, effective 
heat control over the engine oil is a must for this spectacular pilotless 

bomber. And Harrison heat exchangers were selected to do the job. 
Harrison’s 47 years’ experience in the heat transfer field delivers a top- 

quality product that’s rugged and reliable—designed by General Motors 
engineers to assure dependable performance under the most severe operating 
conditions. That’s why you'll find Harrison heat exchangers on so many 

of America’s first-line weapons of defense—on land, at sea, and in the 
air. If you have a cooling problem, look to Harrison for the answer. 


TE. 


S Mave ro 


FROM THE PROGRESS OF THE PAST... 
WZ 


THE PROMISE OF THE 


HARRISON RADIATOR DIVISION « GENERAL MOTORS CORPORATION « LOCKPORT, NEW YORK 
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at the firm’s new offices at 2221 West Olive 
Street, Los Angeles. 

Norman Meyers (M) has joined Lock- 
heed Aircraft Corporation, Missile Sys- 
tems Division as Staff Research Specialist. 
He formerly was Senior Project Engineer, 
Stratos Division, Fairchild Engine and 
Airplane Corporation. 

Paul W. O’Mearer (M), formerly Proj- 
ect Engineer, nuclear-powered bomber 
and Bomare weapons system, Air Materiel 
Command, has joined the Command’s 
Ballistic Missile Office in Inglewood, Calif., 
as Assistant for Production Engineering on 
Guidance Systems. 

I. Nevin Palley (AF) has been promoted 
to Senior Vice-President, Temco Aircraft 
Corporation. Mr. Palley had been serv- 
ing as Vice-President, Engineering. 

L. Eugene Root (F), Lockheed Aircraft 
Corporation Vice-President and Manager, 
Missile Systems Division, was honored by 
the College of the Pacific, his alma mater, 
with an honorary Doctor of Science de- 
gree. Mr. Root also is an Institute Vice- 
President. 

Earle Stewart (AF), a former IAS 
National Council Member and Chairman, 
IAS Philadelphia Section, was appointed 
Executive Vice-President, Vanguard Air 
& Marine Corp. 

Arthur R. Weckel (M), Vice-President, 
Sperry Gyroscope Company Division of 
the Sperry Rand Corporation, has been 
named head of his firm’s new Customer 
Service Division. 

Major Gen. Donald N. Yates (M), Air 
Force Missile Test Center Commander at 
Cape Canaveral, has been awarded the 
Navy’s Legion of Merit for contributions 
to the Vanguard satellite and Polaris 
missile efforts. Secretary of the Navy 
Thomas §. Gates, Jr.; presented the medal 
at a ceremony in the Pentagon. 

Jesse H. Zabriskie (AF), formerly Di- 
rector, Customer Relations, Bell Aircraft 
Corporation Special Weapons Division, 
has been appointed Assistant Manager, 
Systems Test Department in Boeing Air- 
craft Company’s Pilotless Aircraft Divi- 
sion. 


lra G. Ross, an IAS Associate Fellow and East- 
ern Area Council member, has been elected 
President of Cornell Aeronautical Laboratory, 
Inc. He has been the firm's Executive Vice- 
President and Director. 


An Aero/Space Engineering feature 
on personnel of the Institute of the 
Aeronautical Sciences 


Walter E. Wills — Printer 


Probably few in the IAS family have 
felt the steady growth in Institute mem- 
bership more than Walter E. ‘Wally” 
Wills. As head (and founder) of the 
Printing Department, he supervises pro- 
duction of most of the literature sent via 
special mailings to IAS members. In 
1946 an average mailing was 8,100 pieces; 
today the figure is 17,000. 

Starting from scratch in 1946, the 
69-year-old native Brooklynite equipped 
his department with the following ma- 
chines: two multilith, two multigraph, 
a folder, a ditto, a cutter, and two grapho- 
type. He also is in charge of the addresso- 
graph and mailing departments. This 
includes 25,000 mailing address plates, 
two addressograph machines, and a 
postage meter. In addition, ‘‘Wally’’ has 
special duties as ‘‘Traffic Cop” at IAS 
Annual Meetings. 

He says his department can turn out 


tas News 


30,000 single sheets of printed copy per 
day when necessary. Included in this is 
such material as Institute Section notices, 
stationery, and National Meeting lit- 
erature, cards, forms, etc. 

‘‘Wally’’ has 38 years’ experience as a 
pinochle player—with the same group of 
friends—in addition to his 45 years in 


printing. He formerly was associated - 


with the Spencer-Trask Company of 
Wall Street and the American Writing 
Machine Company, A Remington-Rand 
subsidiary. 

“Wally”’ is married to the former 
Helen F. Johnson and has a son and 
four grandchildren.—L.S. 


Corporate Member News 


@ Aerojet-General Corporation’s new 
junior JATO has been issued an Aircraft 
Engine Type Certificate No. 250. The 
250-lb. thrust solid rocket engine is de- 
signed for stand-by use, singly or in mul- 
tiples, on single- and multi-engine aircraft 
up to 10,000 Ibs. gross weight, according to 
the company. 


@ Allison Division, General Motors Cor- 
poration, has reorganized its Aircraft En- 
gineering Department, expanded its Re- 
search Department, and formed a new 
Missiles Systems Department. James E. 
Knott, former Assistant Manager, Sales 
and Contracts, was named Assistant Di- 
rector of Engineering. Charles J. Mc- 
Dowall, former Chief Engineer, Advanced 
Design and Development, is Technical 
Assistant to the Director of Engineering. 
The Research Department has been ex- 
panded in the fields of fluid mechanics, 
fuels and propellants, mathematics and 
computers, advanced propulsion studies, 
nucleonics, and other applied physics. 
Heading this department is Tibor F. 
Nagey, Director of Research. His Chief 
of Preliminary Design is Russell S. Hall. 
Harvey W. Welch has been named Assist- 
ant Chief. Harold D. Wilsted is in 
charge of Engineering Research, and Rob- 
ert E. Henderson is head of the Applied 
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Physics Group. John R. Gretzinger has 
been named Acting Head, Missiles Sys- 
tems Department. Jack C. Fetters has 
been appointed Chief Engineer, Turbine 
Engines; Chester E. Hockert, Assistant 
Chief Engineer, Turbine Engines; Gordon 
E. Holbrook, Chief Product Engineer; 
John B. Wheatley, Chief Design Engineer, 
Turbine Engines; Jacob C. Schmid, Chief 
Design Engineer, Fuels and Control Sys- 
tems; Clair A. Short, Assistant Chief 
Product Engineer for turbojets; and 
John M. Wetzler, the same for prop-jets. 


e American Airlines, Inc., has announced 
the election of Walker Lee Cisler to its 
Board of Directors. Alfred B. Bowman 
has been named Manager of Flight for the 
airline’s Eastern Region. Norris Shipley, 
Assistant Vice-President in charge of the 
Washington, D.C., office, has moved to the 
company’s General Offices in New York to 
head a new State and Community Affairs 
Department. Edward K. Rhatigan has 
been named Director of Ticket Office and 
Terminal Sales Services. The firm also 
has announced establishment of a Sales 
Service Training Division within the Sales 
Department and has named Roger F. 
Burkhardt Director. 


(Continued on page 109) 
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NAVY’S NEW ATOMIC DEPTH BOMB 
ANSWERS THREAT OF ENEMY SUBS 


THE NEWS THAT “BETTY” is now an operational weapon completes another 
chapter in the story of the Navy’s great contributions to the defense of our 
country. And we are proud that the Navy Bureau of Ordnance and the Naval 
Ordnance Laboratory, White Oak, Silver Spring, Maryland, developers of this 
significant weapon, called upon the facilities of AMF for the production of 
“Betty”. This is another demonstration of the fact that, when it comes to 
the tough jobs, AMF has experience you can use. 


Government Products Group 
AMERICAN MACHINE & FOUNDRY COMPANY 


1101 North Royal Street, Alexandria, Va. 


Regional Offices: Washington, D.C.; Dayton, Ohio; Los Angeles, Calif. 
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ie Engineering and Scientific Briefs from Correspondents Around the Globe 


"The Surface of the Moon” 
From the Moscow Daily Izvestiya 


@ The Scientific Council of the Main 
Astronomical Observatory has reported 
the results of the first Soviet attempts to 
measure temperatures on the surface of 
the moon. A. V. Markov, Doctor of 
Physico-Mathematical Sciences, con- 
tends that these temperature studies not 
only determine certain physical condi- 
tions of the moon but also contribute to 
the knowledge of the structure of the 
moon’s surface. The new data show 
that the temperature changes on the 
moon range from +120°C. when the 
sun is at the zenith to —150°C. in the 
middle of the moon night. The Pul- 
kovo Observatory measures tempera- 
tures with a_ reflecting telescope 
equipped with a thermoelement and a 
large radio telescope. Results show 
that the deeper areas of the moon’s sur- 
face undergo less temperature change 
than the higher areas. Investigations 
prove that the moon’s surface shows 
only slight variation in heat conductiv- 
ity. 


Scientific Center Endorsed 
for Siberia; Building Begun 


@ The Presidium of the Academy of 
Sciences of the U.S.S.R. has endorsed a 
project for a scientific center, covering 
an area of more than 1,000 hectares, to 
be built near the city of Novosibirsk in 
Siberia. It will consist of large re- 
search institutes; a university; blocks 
of flats, schools, hospitals, and clubs; 
and a stadium. 

Construction has already started, and 
the building which will eventually 
house the Institute of Hydrodynamics is 
well under way. When it is finished, 
it will provide accommodation for a 
number of other institutes until they 
are able to move into their own build- 
ings. 


Moisture Problem Ended 
in Japanese Wind Tunnel 


* Troubled by moisture condensation in 
a suction-type wind tunnel, the Amaga- 
saki Branch of the Japanese Govern- 
ment Mechanical Laboratory remedied 
the condition by installing a simple air 


dryer using approximately one ton of 
Sovabead (a commercial desiccant of 
American manufacture). 

The difficulty was caused by adiabatic 
expansion of the air currents and was 
especially acute during the rainy season. 
The laboratory reports that, since the 
air dryer was installed, it has been pos- 
sible to take schlieren photographs at 
Mach 1.5 during the summer months. 

Perhaps new in Japan, dryers for wind 
tunnels have been employed in the 
United States for some time. One such 
dryer in this country is known to use 
more than 100 tons of silica-gel as a 
desiccant. 


EDITOR: 


While reading the May issue of AERO/ 
SPACE ENGINEERING, I noticed with 
interest Convair’s concept of a nuclear- 


powered spacecraft.* Something has ‘ 


been bothering me. . . . If this vehicle is 
intended for interplanetary space flight, 
then certain basic fallacies appear in the 
design concept. Since the craft will 
navigate in open interplanetary space 
and since according to present theories 
there exists no friction out there, then 
laws of economics dictate that there 
would be no need for acceleration for the 
duration of the trip between interplane- 
tary bodies except for leaving and land- 
ing. A spin imparted to the gondola 
would be maintained for the nonaccelera- 
tion portion of the trip with no diffi- 
culty, for the ease and comfort of the 
crew. This would mean that the tow 
cable between the crew-bearing gondola 
and the nuclear power plant would have 
to have a frictionless connection to keep 
from winding up the cable. How could 
this be accomplished when the accepted 
idea of temperatures in outer space ap- 
proximate absolute zero? 

Since this vehicle is intended to travel 
between planetary bodies and reach a 
point of no gravity—i.e., a point of bal- 
ance between the earth’s and moon’s 
gravitational attraction—the laws of 


* Our Philosophy of Space Missions, Krafft A. 
Ehricke, Vol. 17, No. 5, pp. 38-43. 


mutual attraction of masses will hold 
true: 


= 
where 
F = mutual gravitational attractional 
force 
k = gravitational constant 
m, = mass of nuclear power plant 
mz = mass of gondola 
r = distance between the two bodies 


Considering the power plant and gon- 
dola as two mass particles, this means 
that they will be mutually attracted, 
thus allowing the human crew to be sub- 
jected to the dangerous radiation poisons 
emanating from the nuclear power plant. 
Besides, under these conditions, it is pos- 
sible—no, likely—that the gondola will 
wrap its tow cable about the power plant 
making it impossible to land. This 
would make it a suicide trip for humans. 
Out of curiosity, how do the Convair 
people expect to overcome these prob- 
lems? 

Dominick DE BLASIO 
28 Sherbrooke Road 
Trenton 8, N.J. 


AUTHOR’S REpLy: The spin between 
powered flight phases is imparted not 
only to the gondola, but to the entire 
vehicle... . / Apparently the reader mis- 
understood and assumes the gondola 
spins with respect to the cable. In this 
case, his objections would indeed be 
justified. But, as the spin is contem- 
plated, no motion of the gondola with 
respect to the cable occurs. 

The spin is not only for passenger con- 
venience, but also to assure that the 
spring force of the cables does not pro- 
duce a momentum of the gondola in 
direction of the nuclear engine after the 
tension load disappears at cutoff. 
This cable characteristic, rather than 
mass attraction, would possibly get the 
gondola close to the engine and would 
indeed greatly endanger the crew, even 
after pile cutoff. 

Because the spin of the whole system 
is like a dumbbell, neither contraction 
nor wrap-around can occur following 
cutoff. 


K. A. EHRICKE 
Assistant to the Technical Director 
Convair-Astronautics 
A Division of General Dynamics Corp. 
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The Weatherhead Company has 
on file many case histories verify- 
ing the dependability, low cost 
installation and maintenance ad- 
vantages of our famous Ermeto 
MS flareless hydraulic and pneu- 
matic tube fitting. Perhaps no 
other fitting has contributed so 
much to the advancement of air- 
craft piping technology or has 
attained wider recognition and 
usage in critical applications. 


We know, however, that there are 
many types of aircraft installa- 


SEND NOW FOR ENTRY FOLDER GIVING COMPLETE INFORMATION 
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tions on which we do not have full 
technical data. Here’s your chance 
to help us compile a broader range 
of application information — and 
maybe win a big cash prize for 
yourself as well. 


This is a national contest open to 
all design, planning and mainte- 
nance men with a story to tell on 
either the Weatherhead Ermeto 
tube fitting in industrial applica- 
tions, or the MS flareless fitting 


in aircraft. 


August 1958 


Ist Prize . . . $1500.00 
2nd Prize . . . $1000.00 
Next 8 Winners 


$750.00 act now... 
175 Other contest closes 
Cash Prizes Sept. 30, 1958 
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. «+ conventional cooling unit is bulky, heavy, complicated. 


Pesco Cooling Package is lighter, smaller, simpler. 


PESCO 
COOLANT 
PUMP 


RESERVOIR 
Pesco pioneers a hew concept in cooling packages for 


“external tubing and fittings, avoids leakage problems, 
simplifies maintenance and assures quiet operation. 


e 
coolli ng -* There are performance advantages, too. The Package shown 
at above provides 500 watts absorption in a 6” x 7” unit 
weighing less than 7 pounds! This Pesco custom-design 
p a - k a ge S concept can be applied to cooling problems of any 
eee magnitude using cooling mediums to suit your needs. 
Refrigeration can also be provided when required. 


You can move from problem to prototype faster because 


Pesco alone produces all necessary components—axial flow 
oe integ ral, miniaturized fans, electric motors, coolant pumps, temperature sensing 


. and relief valves and reservoirs. Single responsibility, true 
des ign saves space systems engineering and close design coordination assure 
an d Ww ei ght matched component performance and maximum reliability. 

For your Electronic Cooling Package needs, utilize Pesco’s 
unique background and advanced designs. Contact your 
nearest Pesco sales office or: 


PESCO PRODUCTS DIVISION 
BORG-WARNER CORPORATION 
24700 North Miles Road ¢ Bedford, Ohio 


| means progress in 
aircraft/missile systems and accessories 
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EDITORIAL 


Evolution of the Air-Space Industry 


By General Orval R. Cook, USAF (Ret. ) 


August 1958 


Witnin the great circle of debate over our national defense program, there 
are substantial areas where misinformation and lack of information are 
creating wholly erroneous impressions in the public mind. 

This is particularly true in our missile program and its allied space pro- 
gram. There has been a floodtide of publicity in the past year regarding 
missiles, with emphasis on the intercontinental ballistic missiles. The 
ICBM was termed the “ultimate weapon’; no defense was possible, some 
pseudoexperts stated. The manned aircraft was relegated to the ash heap 
of our defense program by this group. 

Then the satellite launchings brought another school of defense thought 
into full play, and the ICBM, even before it became operational, was looked 
upon as just another weapon. 

This helter-skelter approach is further compounded by statements that a 
new missile-space industry has suddenly emerged to design, develop, and 
produce missiles and space vehicles. 

The theory of the missile as a power weapon has been known since rockets 
were employed by the Chinese against the Tartars in the 13th Century. 
They were used by the British Rocket Corps in the 18th Century with 
notable success. The first powered flight made by the Wright Brothers in 
1903 added significantly to the meager storehouse of aeronautical knowledge. 
Dr. Robert H. Goddard's experiments in firing scores of high-altitude rockets 
in the 1920’s and 1930's were another milestone. During World War I, 
guided bombs (or missiles) utilizing remote control techniques were tested 
on an operational basis. The firing of V-2 missiles by the Germans against 
England in the late days of World War II brought their employment into 
sharper military focus. 

However, a factual assessment of these events and numerous other con- 
tributing events shows that no single occurrence can logically claim to be the 
originating point of missiles. The present crop of missiles grew from a com- 
bination of all these aerodynamic efforts, of fuel and metallurgical research, 
and the amazing progress of electronics—the fastest growing segment of the 
industry. Each successive improvement in design, development, and pro- 
duction of missiles has drawn upon the reservoir of knowledge and experience 
acquired by the aircraft industry which, incidentally, was engaged in re- 
search and development of missiles, including the ICBM and IRBM types, 
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nearly 15 years before these initials became so well 
known to the public. 

The prime job of getting into space, performing a 
mission, and returning to earth is simply an extension 
of long-extant aviation principles. Basically, the 
power plants, the airframe, and the guidance are re- 
finements and extensions of today’s manned aircraft. 
Our first man in space probably will go there in an air- 
plane. The lunar probes recently ordered by the De- 
fense Department will use rocket engines similar to 
those that power the current models of ICBM’s and 
IRBM’s. And these engines were designed, developed, 
and produced by a company that has built more air- 
craft than any other manufacturer. 

One of the most advanced projects now under way is 
the Dyna-Soar, a spacecraft that is a combination of a 
manned aircraft and missile, utilizing both centrifugal 
force and aerodynamic lift in a boost-glide effect from 
the very high layers of atmosphere. Development con- 
tracts have been awarded to teams of aircraft manufac- 
turers. Dyna-Soar is only one of several imaginative 
projects for space exploration that have been offered by 
the aircraft industry in its efforts to keep this nation 
predominant in all phases of aviation from two-place 
personal aircraft to the sophisticated space systems. 

William M. Holaday, Director of Guided Missiles for 
the Department of Defense, in testimony before a 
Senate Committee, recently stated: 

‘Now, in the question of missiles, we are not only 
talking about ballistic missiles but also about aero- 
dynamic missiles and decoys....The first considera- 
tion, I would say, is to put the business into that area 
where the specialists are. In nearly all cases, this 
turns out to be people in the aviation industry. They 
have the know-how to make weapon systems. They 
have the engineers, and they are capable. So, I would 
say that, in general, this has been the direction in which 
we have moved—that is, back to the aviation indus- 
try.” 

Mr. Holaday’s comments on know-how and capabil- 
ity of the aviation industry have a solid basis. The 
technical force the aircraft industry is able to bring 
upon a missile program is unequalled by any other 
manufacturing industry. For example, an aircraft 
company charged with prime responsibility for an air 
defense missile system assigned 3,800 engineers to work 
directly on the various facets of the program. The 
company is utilizing 700 engineers for the flight-test 
phase alone. A force of 600 engineers is needed to 
carry out technical liaison with subcontractors and for 
base construction planning and surveillance. 

Statements that missiles and spacecraft are totally 
“new” and that the manufacturing experience ac- 
quired by the aviation industry in conventional air- 
craft cannot be applied are completely irresponsible. 
This irresponsibility has been carried to a point where 
aeronautics and astronautics are claimed to be com- 
pletely separate, sharply divided at some undisclosed 
point. Astronautics is a logical progression stemming 
from aeronautics. It is completely possible that the 


astronautics extension may someday overshadow its 
aeronautics foundation. However, the two can no 
more be divorced than can the industry building air- 
craft, missiles, and spacecraft be separated. 

There is no question that efficient production of mis- 
siles and space systems has brought about new methods, 
techniques, and engineering concepts, roughly com- 
parable to the changes that occurred as aircraft passed 
from wood and fabric to all-metal planes and the ad- 
vance from piston-powered planes to supersonic turbo- 
jet planes. 

But change is the only constant in an industry gov- 
erned by a dynamic technology. The industry that 
brought aircraft to their advanced state is the same 
industry that is vigorously moving forward with the 
vehicles that will carry man into the great adventures in 
space. 


General Cook is President, Aircraft 
Industries Association of America, Inc. 
Immediately prior to retirement in May, 
1956, after 38 years in military service, 
he was Deputy Commander in Chief, 
United States European Command. 
From July, 1951, until assignment in 
February, 1954, to the European Com- 
mand, he served as the USAF’S Deputy 
Chief of Staff for Materiel at Air Force 
Headquarters in Washington. He has 
been awarded the Distinguished Serv- 
ice Medal and Legion of Merit. 
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Eleanor L. Semple and William C. Cooley 
General Electric Company 


Direct Cycle Nuclear Turbojet 


Power Plants 


“This analysis of direct cycle nuclear turbojets shows thal two of the most significant factors 
affecting the power-plant thrust /weight ratio and, therefore, the aircraft capabilities are 
the turbine inlet temperature and the reactor free flow fraction.” 


= 1951, the General Electric 
Company has conducted a research and development 
program for the USAF and the Atomic Energy Com- 
mission leading toward the evolution of militarily useful 
nuclear aircraft power plants. Primary efforts have 
been concentrated on the development of direct cycle 
nuclear turbojets rather than closed cycles, which would 
employ a secondary fluid and a heat exchanger to trans- 
fer energy to the air. In the direct cycle power plant, a 
nuclear reactor replaces the combustion chamber of a 
conventional turbojet engine. Air is ducted from the 
compressor directly through the reactor where heat is 
generated by fission within the reactor fuel elements and 
is transferred by conduction and forced convection to 
the compressed air before the air enters the turbine. 
Without discussing specific materials or designs under 
consideration by the General Electric Aircraft Nuclear 
Propulsion Department, it is possible to estimate the 
effects of the more important design parameters on the 
flight performance of direct cycle nuclear turbojet 
power plants and to outline some of the characteristics 
of this type of power plant. 


POWER-PLANT PERFORMANCE REQUIREMENTS 


The range of conventional turbojet-powered aircraft 
is limited by the fuel capacity. The weight of fuel (fis- 
sionable material) consumed in a nuclear power plant 
is negligible; but for the nuclear-powered aircraft, a 
radiation shield is required which is adequate to protect 
the crew from neutrons and ganima rays generated in 
the nuclear reactor. A nuclear-powered aircraft has an 
essentially constant gross weight, whereas the gross 
weight of the chemically fueled aircraft decreases as fuel 
is consumed. 

Miss Semple is Technical Engineer in the Aircraft Nuclear 
Propulsion Department. Dr. Cooley was Manager, Systems 
Analysis, Aircraft Nuclear Propulsion Department of G-E ; now he 
is Assistant Program Enginéer—Rover Project, Rocketdyne, a 
Division of North American Aviation, Inc. 
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At cruise conditions, the thrust developed by the 
power plant (F,) must equal the drag of the aircraft 
(D), and the lift (Z) must equal the aircraft gross weight 
(W,). An estimate of nuclear power-plant thrusts and 
weights required for an aircraft is obtained from the 
following simple analysis. The nuclear aircraft gross 
weight is assumed to consist of three components: 


W, = W, + Wa + W, 
where 


W, = useful load, including payload, fixed equip- 
ment, and crew 

W,, = airframe structural weight 

W, = total weight of nuclear power-plant compo- 
nents, including all radiation shielding. 


Assuming that the airframe structural weight is a con- 
stant fraction (a) of the gross weight and substituting 
the lift/drag ratio (L/D) for the ratio of gross weight 
to cruise thrust, the following equation may be written: 


W,, 
~ (1—a) — [1/(L/D) (F./W,)] 


where (F,/W,) is the thrust/weight ratio of the nuclear 
power plant. This equation is plotted in Fig. 1 to show 
the aircraft gross weight required as a function of power- 
plant thrust/weight ratio for various values of useful 
load. It is assumed that the airframe structure weighs 
25 per cent of the gross weight, and the lift/drag ratio 
is 15 to correspond to a typical subsonic airframe con- 
figuration. A scale for required cruise thrust also is 
shown in Fig. 1, the cruise thrust being equal to the 
gross weight divided by the lift/drag ratio. It may be 
noted that the gross weight is proportional to the useful 
load for any fixed power-plant thrust/weight ratio. 
For a specified useful load and maximum allowable 
gross weight, the required thrust may be read from the 
right-hand ordinate of Fig. 1 and the required thrust/- 
weight ratio (F./W,) from the abscissa scale. As an 
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POWER PLANT THRUST/ WEIGHT RATIO 


Fic. 1. Aircraft performance. 


illustration, for a useful load of 50,000 Ibs. and a gross 
weight of 300,000 Ibs., the required cruise thrust is 
20,000 Ibs. and the power-plant thrust/weight ratio 
must be at least 0.114. Therefore the nuclear power 
plant can weigh no more than: | 


20,000/0.114 = 175,000 lbs. 


Fig. 1 also demonstrates that the thrust/weight ratio for 
the power plant should be as high as possible to mini- 
mize the gross weight of the aircraft required to carry a 
specific useful load. 


POWER-PLANT THRUST 


The factors affecting power-plant thrust will be con- 
sidered first. The total net cruise thrust (F,) of a 
turbojet power plant is given by the product of the 
specific net thrust obtained by cycle analysis (/,,) and 
total mass flow rate of air (W,). 

The magnitude of specific thrust is a function of the 
flight Mach Number and altitude, the compressor pres- 
sure ratio, the pressure drop from compressor discharge 
to turbine inlet, the turbine inlet temperature, and the 
component efficiencies. Fig. 2 shows typical values of 
specific thrust for a turbojet engine at an assumed flight 
condition of 0.7 Mach Number and 35,000-ft. altitude 
plotted as a function of the compressor pressure ratio 
and the turbine inlet temperature for fixed values of the 
other independent variables. These curves indicate the 
significant increases in specific thrust attainable by in- 
creasing the turbine inlet temperature, and they show 
that there is an optimum compressor pressure ratio for 
each turbine inlet temperature. For the nuclear power 
plant, an increase in turbine inlet temperature implies 
an increase in the reactor discharge temperature, which 


requires higher operating temperatures for the reactor 
fuel elements. 

Fig. 3 shows the effect on specific thrust of the pres- 
sure drop through the reactor and shield ducting system 
between compressor discharge and turbine inlet. This 
curve is drawn for a representative compressor pressure 
ratio and turbine inlet temperature; the shape of the 
curve will remain the same for other compressor pres- 
sure ratios and turbine inlet temperatures. It is clearly 
advantageous from the standpoint of cycle perform- 
ance to minimize pressure losses in the ducting and 
reactor heat-transfer system. 

In summary, the major factors contributing to a high 
specific thrust are a high turbine inlet temperature and 
a low pressure drop in the reactor heat-transfer system. 
The airflow through a turbojet engine decreases with 
increasing altitude until the thrust becomes too low to 
sustain level flight. To overcome this limitation, more 
or larger jet engines may be used. This increases the 
airflow capacity of the power plant, thereby increasing 
the total thrust. 
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Fic. 4. Schematic drawing of nuclear turbojet power plant. 


POWER-PLANT WEIGHT 


In order to estimate the thrust weight ratio attain- 
able with the nuclear turbojet, it is necessary to investi- 
gate next the power-plant weight. 

To facilitate the analysis, a nuclear turbojet power 
plant with the simplified configuration shown in Fig. 4 
is selected. The turbomachinery is of conventional de- 
sign with an arbitrary airflow capacity; air is ducted 
from the compressor discharge through a radiation 
shield, through a reactor, out through the shield, and 
into the turbine. 

The reactor is assumed to be a right circular cylinder, 
of diameter (D,) equal to its length, composed of a ma- 
terial having a specific gravity of 2.0. A free flow frac- 
tion (R,,) is specified for the reactor which determines 
the airflow area, 4;, = (R,,) (1/4) (D.), for airflow 
parallel to the axis of the reactor. 

For simplicity, all shielding is assumed to be a homo- 
geneous mixture with a mean specific gravity of 2.0. 
The mixture consists of a light neutron shielding mate- 
rial, such as borated water, and a heavy gamma ray 
shielding material, such as lead. A uniform thickness 
(¢) is used on all sides of the reactor core. For purposes 
of estimating shield weight, the shield is assumed to be 
solid because reductions of shield average density due 
to the presence of air ducts in the region of the core 
inlet and discharge must be compensated by a corre- 
sponding increase in shield thickness. The important 
factors which establish the required shield thickness 
are: the reactor power level, the radiation tolerance of 
the crew, the amount of local shielding around the crew, 
and the limits on radiation damage or neutron activa- 
tion of the airframe. 

Since the allowable radiation level for the airframe 
components usually is considerably higher than that for 
the crew, it is possible to employ the divided shield 
concept. In general, there is an optimum division be- 
tween the reactor shielding and the crew shielding which 
leads to a minimum total shield weight.'!_ At one end of 
the spectrum, all shielding is around the crew; at the 
other end, a unit shield around the reactor is used. In 
this analysis, the minimum permissible thickness of the 
reactor shield (¢) is assumed to be that which allows a 
maximum dose rate for the airframe components of 10° 
rem/hr. of either neutrons or gamma rays by attenua- 
tion through the shield material and through an assumed 
separation distance of 50 ft. The shield weight associ- 
ated with this minimum thickness is slightly higher in 
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each case than the optimum reactor shield weight; so 
that, for the conditions imposed on the study, the mini- 
mum total shield weight is determined by the minimum 
reactor shield thickness. The crew compartment is 
assumed to be a 6-ft. diameter by a 6-ft. long cylinder 
allowing a little more than 75 ft.*/man for each of the 
two-man crew. The crew shield required in addition to 
the reactor shield is composed of three parts. The rear 
part, which shields against direct radiation, has a 6-ft. 
diameter and a thickness (t’). This thickness is estab- 
lished by an assumed maximum allowable dose rate for 
the crew of 0.5 rem/hr. for combined neutron and 
gamma radiation at the separation distance of 50 ft. 
The second part of the crew shield, with thickness 
equal to 1/3 t’, is wrapped around the cylindrical crew 
compartment; the third part, also with thickness equal 
to 1/3 t’, covers the front of the crew compartment. 
The latter two parts of the crew shield are assumed to 
be adequate to protect against all radiation scattering 
effects. 

The turbojet engine weight is calculated by scaling 
one version of the General Electric J-47 engine, which 
has a weight of 2,700 lbs. and a sea-level static airflow 
of 90 lbs./sec. The weight of larger engines is assumed 
to be proportional to the 3/2 power of the sea-level 
static airflow rate and to be independent of the compres- 
sor pressure ratio. The additional weight of ducting to 
and from the reactor associated with the nuclear turbo- 
jet engine is assumed to be partially offset by the elimi- 
nated weight of the conventional chemical combustion 
system included in weights scaled from the J-47 engine. 
In any case, these duct weights are small compared to 
the reactor and shield weights and are neglected. 

Using the assumptions stated above, the total weight 
of the nuclear power plant may be computed from the 
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following relationships: 


W,, = W, + W, + W + Wes 


where 
W, = 3.16 (W,)'* = weight of turbomachinery, lbs. 
W, = (1—Ryy) [(4/4)D,3] (2.0) (62.4) = weight of 
reactor, lbs. 
W,, = (4/4) [((D. + 2t')? — D,*] (2.0) (62.4) = 
weight of reactor shield, lbs. 
Wes = (6)? + ©? + 


(w/4) (6) {[6 + (2/3) t’]? — (6)2}) (2.0) 
(62.4) = weight of crew shield, lbs. 


With the exception of engine weight, the power-plant 
weight is a function of reactor geometry alone. 


ENGINE CYCLE - REACTOR GEOMETRY RELATIONSHIP 


A relationship between engine thermodynamic cycle 
and the core diameter of the reactor must be found in 
order to find the power-plant weight which corresponds 
to the cruise thrust of a particular engine. This rela- 
tionship is determined by considering the heat-transfer 
characteristics of the reactor core. 

For specific thermodynamic cycle conditions, the de- 
sign conditions for the reactor consist of the inlet and 
outlet pressures, the inlet and outlet temperatures, and 
the air mass flow rate. The required reactor frontal 
area is given by: 


Ay = (4/4)D2 = 


where IV, is the air mass flow rate, R,,; is the reactor free 
flow fraction, and G is the mass velocity (lbs. /ft.? sec.) 
which can be passed through the reactor with specified 
temperature rise and pressure drop. In order to mini- 
mize reactor size and therefore minimize shield weight, 
the product GR,, should be as high as possible. 

The permissible free flow fraction is determined pri- 
marily by the volume of solid material (moderator, 
nuclear fuel, structure, and controls )which is required 
to meet the nuclear and mechanical design require- 
ments. The parameter, R,,, will be retained as an im- 
portant independent variable. 

The allowable mass velocity, G, is a function of the 
reactor heat-transfer surface temperatures and of the 
heat-transfer and friction characteristics of the heat- 
transfer passages. 

The allowable mass velocity is derived by making the 
following simplifying assumptions: 

(1) The air passages have a uniform hydraulic 
diameter, 

(2) The modified Reynolds analogy? applies to relate 
heat transfer (Stanton Number) to the friction coeffi- 
cient, f: 


h/C,G = (f/2) 


where \ = 0.70 is assumed for rough passages. 
(3) The air Mach Numbers are low subsonic so that 
no distinction need be made between total and static 
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Fic. 6. Effect of turbine inlet temperature on thrust /weight 
ratio. 


pressures or temperatures and so that acceleration pres- 
sure drop may be neglected relative to friction pressure 
drop. 

(4) The Fanning friction factor is given by f = 
0.0814 (D,G/u)~-? which is 77 per cent higher than for 
smooth tubes. 

(5) The reactor heat-transfer surface temperature 
(T,,) is maintained uniform and equal to 2,000°F. 

By combining the equations for energy, heat transfer, 
pressure drop, and the perfect gas law, it may be shown 
that the allowable mass velocity through the reactor 
flow passages is: 


= Pin — Pout 
R In rep out) | 


where P, and T, are the average air pressures and tem- 
peratures, g = 32.2 ft./sec.*, and R is the gas constant 
for air (53.35 ft.-Ib./Ib. °F.). It is seen that the allow- 
able value of G increases with increasing average air 
pressure, pressure drop, and wall temperature. 

In the numerical calculations, it was assumed that 
there is a 5 per cent pressure drop between compressor 
exit and reactor inlet and 5 per cent between reactor 
outlet and turbine inlet. The reactor design pressure 
drop was varied from 5 per cent to 30 per cent to show 
that there is an optimum value. 

Using the above methods to obtain core size for any 
operating point, the nuclear power-plant thrust/weight 
ratio can be determined as a function of the following 
independent variables: the thermodynamic cycle, W,, 
and Ry, 

The independent variables upon which the thermo- 
dynamic cycle depends were narrowed to the compres- 
sor pressure ratio, the turbine inlet temperature, and 
the compressor to turbine pressure drop by considering 
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Fic. 7. Effect of pressure drop on thrust/weight ratio. 


a single flight condition and holding constant the com- 
ponent efficiencies. 

Up to this point, the internal geometry of the reactor 
core has been ignored since the power-plant thrust/- 
weight ratio may be computed independently of it. 
However, it is of interest to note that the modified 
Reynolds analogy on which the heat-transfer require- 
ments are based provides, also, a relationship between 
the length of the active reactor core and the hydraulic 
diameter (D,) of the air passages assumed in this 
analysis as follows: 


= 8.95 In Tin) Tout) ] (G/u)?? 


where L, = length of active reactor, ft., and » = vis- 
cosity of air at mean temperature, Ibs. /sec. ft. 

The hydraulic diameter determined from this equa- 
tion for a particular design point can be used in conjunc- 
tion with the corresponding reactor core diameter and 
free flow fraction to determine the feasibility of the de- 
sign from the standpoint of nuclear and structural con- 
siderations. No attempt has been made to incorporate 
this consideration into the analysis. 


RESULTS 


The following series of graphs shows the effect on 
power-plant thrust/weight ratio of each of the inde- 
pendent variables required to compute the thrust/- 
weight ratio. 

Fig. 5 presents the effect of compressor pressure ratio 
on the power-plant thrust/weight ratio. The graph is 
drawn for fixed values of turbine inlet temperature, air- 
flow, and compressor to turbine pressure drop, and for 
a range of reactor free flow fractions. As compressor 
pressure ratio increases, the density of air entering the 
reactor increases, thus permitting a lower free flow area 
for the same mass flow rate of air. The resulting de- 
crease in reactor core diameter for any fixed free flow 
fraction produces a significant decrease in power-plant 
weight. Fig. 2 shows the optimum compressor pressure 
ratio with respect to specific impulse for the same tur- 
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bine inlet temperature and compressor to turbine pres. 
sure drop used in Fig. 5. By comparing the two plots, 
it may be seen that the optimum compressor pressure 
ratio with respect to thrust/weight ratio has a con. 
siderably higher value because of the power-plant 
weight effect. The same weight effect is demonstrated 
in the increase of thrust/weight ratio with increasing 
free flow fraction at a fixed compressor pressure ratio; 
higher free flow fractions imply smaller reactor core 
diameters at the same thermodynamic cycle point. 

Since the optimum compressor pressure ratios are far 
higher than those attainable with conventional turbo- 
machinery, a compressor pressure ratio of 15 is arbi- 
trarily assumed for the remainder of the study. 

In Fig. 6, the effect of turbine inlet temperature on 
power-plant thrust/weight ratio is shown for a fixed 
compressor pressure ratio, airflow, and compressor to 
turbine pressure drop, and for varying values of reactor 
free flow fraction. Fig. 2 shows the significant increases 
in specific thrust attainable by increasing the turbine 
inlet temperature. It is to be noted in comparing Figs. 
6 and 2 that this decided improvement in engine per- 
formance is counterbalanced by the power-plant weight 
considerations and, indeed, is negated at low values of 
free flow fraction where the reactor core diameter in- 
creases rapidly in order to provide the heat-transfer 
surface necessary to accomplish higher turbine inlet 
temperatures. This result is dependent on the assump- 
tion of a constant reactor wall temperature of 2,000°F., 
despite variations in turbine inlet temperature. 

The effect on power-plant thrust/weight ratio of the 
pressure drop between compressor discharge and tur- 
bine inlet is presented in Fig. 7 for the same representa- 
tive compressor pressure ratio and turbine inlet tem- 
perature used in Fig. 3. It was mentioned previously, 
in discussing Fig. 3, that the specific impulse of the 
turbojet engine is continuously improved by decreasing 
the pressure drop between compressor discharge and 
turbine inlet. However, Fig. 7 demonstrates that this 
improvement does not extend to the thrust/weight 
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ratio and that there is an optimum pressure drop of 
about 30 per cent for any free flow fraction, beyond 
which the thrust/weight ratio drops off quite rapidly. 
The effect is caused by the larger core diameters re- 
quired to pass the airflow at the low values of reactor 
pressure drop, with their consequent heavier reactor 
shielding and higher power-plant weight. As in Figs. 5 
and 6, Fig. 7 also shows the increase in power-plant 
thrust/weight ratio to be expected with increasing reac- 
tor free flow fraction. 

The effect of engine size or airflow on thrust/weight 
ratio for a fixed thermodynamic cycle point is shown in 
Fig. 8. Engine thrust varies directly with engine air- 
flow, as do the engine and reactor flow areas. The crew 
shield weight is assumed constant, so that total power- 
plant weight increases less rapidly than total thrust as 
engine size is increased. In other words, the thrust/- 
weight ratio increases as the design airflow is increased. 
The effect is most noticeable at high free flow fractions 
where the reactor core diameters are relatively small, 
and crew shield weight is a greater percentage of the 
total power-plant weight. An engine airflow of 400 
Ibs./sec. at the design Mach Number and altitude has 
been arbitrarily chosen for evaluating the power-plant 
design. 

In Fig. 9, performance of the power plant is pre- 
sented in terms of aircraft gross take-off weight and 
useful load as a function of the turbine inlet temperature 
and reactor free flow fraction. All other independent 
variables have been fixed by optimization or arbitrarily 
selected. For the example originally cited—i.e., a 
300,000 Ib. aircraft carrying a 50,000 Ib. useful load— 
Fig. 9 shows that a turbine inlet temperature of about 
1,560°F. and a free flow fraction of about 0.3 will 
satisfy the requirements. To increase the useful load 
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Fic. 9. Useful load versus aircraft gross weight for a fixed 
power-plant airflow rate. 
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Fic. 10. Effect of crew dose rate on useful load. 


for the same aircraft gross weight, the reactor must be 
designed with a higher free flow fraction for the same 
turbine inlet temperature. However, it is possible to 
increase the useful load by increasing the gross take-off 
weight and operating the power plant at a higher tur- 
bine inlet temperature with the same free flow fraction 
in the reactor. 

Aircraft useful load is affected radically by changes in 
allowable radiation dose levels. Fig. 10 shows the effect 
on useful load of varying the maximum allowable dose 
rate for the crew while keeping fixed the allowable 
radiation level for the airframe components, thus 
affecting only the weight of the crew shielding. Useful 
load is plotted against gross take-off weight for several 
crew dose rates using the same cycle assumptions as in 
Fig. 9 with an arbitrarily selected free flow fraction of 
0.4. 


CONCLUSIONS 


This analysis of direct cycle nuclear turbojets shows 
that two of the most significant factors affecting the 
power-plant thrust/weight ratio and, therefore, the 
aircraft capabilities are the turbine inlet temperature 
and the reactor free flow fraction. Both of these 
parameters should be as high as possible to obtain the 
maximum thrust/weight ratio. However, increasing 
these factors presents very difficult problems involving 
selection of reactor materials and mechanical, thermal, 
and nuclear design of the reactor core. The most signifi- 
cant improvements in power-plant performance will be 
based on the attainment of higher reactor discharge 
temperatures and/or decreases in reactor core volume 
per unit of airflow rate. 
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The main purpose of this paper is to cover a method of physical 


simulalion and equipment evaluation through the use of a complele 


three-dimensional flight simulator facility. 


Three Axis Flight Simulator Systems 


Tus TERM “‘flight simulator’ has an 
interesting connotation. Its mention causes a variety 
of mental pictures to cross the minds of both tech- 
nical and nontechnical personnel. One of the earlier 
and more generally known usages was to simulate 
vehicle motion (such as an aircraft or submarine) 
for the purpose of training operational personnel. 

With the emphasis in the past few years on the 
development of unmanned air vehicles, as well as 
the problem of controlling supersonic manned _air- 
craft, it has become quite apparent that an accurate 
method of “‘checkout” for both individual components 
as well as complete control or guidance systems is of 
paramount importance. 

An analog computer has been found to be an ex- 
tremely useful tool in the solving of aircraft flight 
equations. If it can operate on a 1:1 time scale, 
portions of the system can be included in the test 
without mathematical simulation. For example, an 
adequately designed flight simulator is a flexible 1:1 
time scale computer that simulates aircraft parameter 
changes so that literally thousands of ‘‘test flights’’ 
may be made under controlled laboratory conditions. 
Such simulation permits one to test the behavior of a 
new subsystem or complete system. 


The author is Project Administrator of the Control Systems 
Group, Bendix Computer Division. 

Many persons were involved in the design, development, and 
assembly of the Bendix Flight Simulator equipment discussed in 
this paper. Special recognition is due, however, to the Bendix 
Research Laboratories Division, Detroit, Mich., for their engi- 
neering foresight, ingenuity, and ability. Its successful cul- 
mination was due in a large measure to the engineering staff 
working under the direction of Charles M. Edwards and Murray 
Kanes. 
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Fic. 1. Flight Table. 
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Fic. 2. Flight Table gimbals (side view yaw and roll). 
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Fic. 3. Computer. 


STUDIES OF AIRCRAFT RESPONSE TO CONTROL 


The linearized flight equations are frequently used 
for analyzing the response of different airframe con- 
figurations to the control surface motions. This 
can be done quite readily by evaluating the transient 
behavior of the aircraft after a given surface deflection. 
The computer may be set up to solve the linearized 
flight equations associated with the transient or 
frequency variant response of the aircraft. The 
input disturbances may be either step or sinusoidal 
of varying frequencies. It should be noted that the 
above type solutions pertain to a system analysis and 
synthesis. This type of evaluation normally uses 
a closed loop on computing elements found in an 
analog computing system. 

It is universally agreed that without the use of 
computers in system analysis and synthesis the engi- 
neer or scientist would still be groping for answers to 
aerodynamics, stability, and many other problems 
that are paramount to man’s knowledge if he is to 
satisfactorily conquer space flight. After a control 
or guidance system is analyzed, designed, and as- 
sembled, it must go through a severe checkout period. 
It becomes apparent, then, that some means of phys- 
ically checking such components or systems prior to 
flight testing is highly desirable. The use of such a 
system reduces the risks of expensive abortive flights. 

The main purpose of this paper, therefore, is to 
cover a method of ‘‘physical simulation” and “‘equip- 
ment evaluation” through the use of a complete three- 
dimensional flight simulator facility. The equipment 
specifically referred to was designed by the Bendix 
Aviation Corporation, Research Laboratory Division, 
Detroit, Mich., and is currently being fabricated by 
the Bendix Computer Division, Los Angeles, Calif. 
Four complete systems are now in use and a fifth is 
presently being assembled. This system consists 
of two major components: 

(1) The Flight Table (shown in Fig. 1) consists of 
three dynamic elements permitting the three motions 
of flight (pitch, roll, and yaw). The gimbals (Fig. 2) 
supported by a massive vibration absorbing base are 
designed to permit continuous gimbal rotation in all 
three planes. 

(a) Pitch Gimbal—The pitch, or outer gimbal, 
defined as the “‘Y”’ axis, is an ellipsoid-shaped structure 
utilizing the ‘“‘Al-Fin’’ aluminum casting process. 


Steel bearing inserts are bonded into the casting as 
an integral part. (Bondstrength: 15,000 psi; tension: 
7,000 psi shear.) 

The pitch gimbal is the largest of the dynamic 
structural elements. Its torsional spring rate is 
approximately 174 X lb.-in./rad. The unloaded 
moment of inertia is approximately 11 lb.-in.-sec.’. 
The net inertia of the entire unloaded gimbal structure 
is 58 lb.-in.-sec.*. This includes all three gimbals 
with the associated gears, motors, instruments, slip 
ring assemblies, etc. 

A honeycomb sandwich type structure was con- 
sidered in the early design as a means of keeping the 
mass to a minimum and the stiffness to a maximum. 
Several design configurations were completed up to 
the prototype stage. The torsional stiffness of the 
cast gimbal, however, was found to be 175 per cent 
greater than that of the fabricated sandwich con- 
struction type. The new increase in the total pitch 
inertia, by adopting a casting construction, was only 
7.72 per cent with an increase in weight of about 15 
per cent. 

(b) Yaw Gimbal—The yaw, or middle gimbal, 
defined as the ‘‘Z’’ axis, supports the roll gear and 
bearing to which the pay load is mounted. 

The yaw gimbal is also designed for maximum 
stiffness, using the ‘‘Al-Fin” aluminum casting proc- 
ess. The measured torsional spring rate is 125 X 
10° in.-lb./rad. The unloaded moment of inertia 
is 8.6 Ib.-in.-sec.2.. The yaw gimbal provides an 8-in. 
diameter internal mounting area, open on both sides. 

(c) Roll Gimbal—The roll gimbal, defined as the 
“X’”’ axis, consists of an integral roll gear and bearing. 
This unit combines a precision zero-backlash gear 
with a preloaded precision bearing. The maximum 
static capacity of the bearing in the plane of the con- 
tact angle is approximately 20,000 Ibs. This is equiva- 
lent to subjecting a 300-lb. load with a c.g. 20 in. from 
the yaw axis to a linear acceleration of 10g’s. 

(d) Instruments—Each axis is equipped with five 
a.c. resolvers, one tachometer, and a linear potentiom- 
eter. The yaw gimbal instrument group also in- 
cludes a secant potentiometer used in computing 
Euler angle transformations. 

(2) The computer (Fig. 3) contains the necessary 
electronics to properly control the Flight Table in all 
modes of operation. Specifically it contains the 
following: 

(a) Eighty-eight d.c. amplifiers (20 of which can 
be used as integrators). 

(b) Five electronic multipliers of the time division 
type capable of performing the multiplication of a 
primary variable by one to four secondary variables 
for a total of 15 products. 

(c) A.c. computing equipment associated with 
twelve resolver chains for vector resolutions. 

(d) Servocontrol section to control each of the 
gimbal axes. 

(e) Built-in power supplies including reference am- 
plifiers and oscillators. 
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(f) Necessary control panel areas including prepatch 
problem boards and all monitoring equipment such as 
oscilloscopes, VTVM’s, digital voltmeters, ete. (A 
complete set of system and component specifications 
will be supplied by the author upon request.) 

The equipment was originally developed under a 
Navy contract to provide this important link between 
system synthesis and the actual flight testing of fast 
air-to-air missiles, on a real time base. 


SERVOVALVE 


Perhaps the major design problem was to develop 
an extremely high performance servovalve system 
capable of driving a 0.6 lb.-in.-sec.? payload inertia 
at speeds up to 50 rad./sec. and at maximum acceler- 
ations in the order of 2,500 rad./sec.*. The bandpass 
requirements of the system had to be over 100 eps. 
The servo also had to exhibit excellent low-speed - low- 
frequency characteristics and operate within a speed 
variation of less than '/, per cent at speeds as low 
as 0.3 rad./sec. (The principal factor that limited 
the low-speed performance was the a.c. tachometer.) 
The key to the successful culmination of this high-per- 
formance hydraulic rate servo was due to the design 
and development of the high-performance, high-power 
(50 hp.) valve. The design incorporated a single 
spool pilot valve, torque motor, power valve, ve- 
locity feedback transducer, and position feedbaek 
linearsyn transformer assembled in a compact package 
and mounted directly to the body of the hydraulic 
motor. The initial design specifications of 500 cps 
natural frequency with a phase shift of not more than 
10° at 100 cps was achieved. 


SERVOVALVE Loop 


The associated servosystem that has been developed 
comprises a multiloop system including an integrally 
designed two-stage hydraulic servovalve, a 30 hp. hy- 
draulic motor, electronic amplifiers, and transducers. 
The block diagram of the servosystem and flow valve 
loop are shown in Fig. 4. 

What this means, therefore, is that the Table, added 
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Fic. 4. Block diagram Flight Table servoloop. 
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to a normal computer simulation laboratory, permits 
the engineer, physicist, and mathematician to ac- 
curately perform this important step of physical p 
simulation. The Flight Table is used to impart the el 
rotational motion to the inertial elements being checked. . 
The missile aerodynamics and kinematics are simulated. 0 
as before, on an operational d.c. computer. 
FLIGHT TABLE RESOLVER RESOLUTION SYSTEM 
To do a complete job, the Flight Table must be 
more than just a precision servodriven device upon 
which motion sensitive components can be subjected 
to flight conditions in the laboratory. It should con- 
tain as many precision computing devices as are 


practical. The system referred to has five a.c. re- 
solvers and one potentiometer associated with each 
gimbal axis. The yaw gimbal has a secant potentiom- 
eter for Euler angle computations. This permits 
usage of a vector resolution system. The static 
accuracy of one chain is 1/2 per cent full scale and a 
bandwidth of 250 eps. 


MIsSILE-TO-EARTH COORDINATE TRANSFORMATION 


Through the usage of the resolver chains, it is pos- 
sible to conduct simultaneous missile-to-earth coor- 
dinate transformations between the earth coordinate 
system and the aircraft body coordinate system. 
This can be performed for as many as four vectors 
by the Flight Table. Fig. 5 shows the step by step 
transformation from aircraft to earth coordinates. 
An inverse transformation allows the conversion 
from earth coordinate to missile coordinate. 
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SIMULATION STUDIES 


With the addition of a Flight Table to a simulation 
laboratory a fair question would be, ‘‘In what areas 
of operation can this equipment be most profitably 
used?” 

There are three basic usages that enhance the design 
and study of complex guidance and control systems. 
These are as follows: 

(1) Open loop component or subsystem evaluation. 

(2) Closed loop simulation. 

(3) System analysis and synthesis. 


OpEN Loop EVALUATION 


This is a broad category that includes any use of 
the Flight Table whereby the air vehicle steering, 
guidance, or control loop are not closed. It becomes 
apparent that since the Flight Table is not included 
in a loop, lower dynamic performance is required. 
This does not mean that valuable information cannot 
be derived even though the open loop testing does not 
make the most effective use of the Flight Table. 

There are two major regions of interest in open loop 
testing: (1) dynamic behavior of inertial elements, 
and (2) environmental tests. 


DYNAMIC BEHAVIOR 


As previously stated, one of the paramount pur- 
poses of flight-table development is to subject inertial 
elements to the angular motions of flight. The dy- 
namic response can be determined and the influence 
on a system or subsystem predicted. 


Gyro TESTS 


A typical dynamic test of inertial elements was 
demonstrated in a recent evaluation of a newly de- 
veloped gyro. The gyro, under study, was fastened 
to the roll gimbal of the Flight Table. The frequency 
response was obtained about the input and gimbal 
axes of the gyro for frequencies to 100 cps with the 
rate amplitude of the roll gimbal held at 1 rad./sec. 
The actual gyro sensitivity in millivolts per degree 
per second was determined. 

An evaluation of two gyros was also completed on 
the Flight Table, in an open loop mode. The fol- 
lowing pertinent tests were completed. 

(1) Study rate calibration for negative and posi- 
tive rates through their output limits. 

(2) Frequency response about the input and gimbal 
axes. 

(3) Frequency response with cross-coupling rates 
about the spin and gimbal axes. 

(4) Frequency response about the gimbal axis 
with cross-coupling rates about the gyro spin axis. 

(5) Response to step input rates. 


CLOSED Loop SIMULATION 


It should be pointed out, however, that the closed 
loop mode of operation is certainly the most profitable 


and efficient usage for the Flight Table and its as- 
sociated electronics. The Table performs the function 
of a simulated high-performance air vehicle. The 
three major regions of closed loop simulation are 
generally considered to be: (1) stability studies, 
(2) trajectory studies, and (3) operational evaluation 
studies. 

Because of the large number of simulation tests 
that have been made in the past, I shall only mention 
one typical closed loop test recently concluded. 


CLOSED Loop Stupy 


A major problem was encountered in determining 
the antenna and roll correction servo of a high-speed 
missile under conditions of high-missile roll rate and 
acceleration. It was necessary to define the limi- 
tations that launching might impose upon the missile 
system. 

The effects of the initial launch on the seeker antenna 
roll correction servo were of major concern. A pre- 
vious wind-tunnel test indicated that the effects of the 
flow field, surrounding the leading edge of the wing 
and the launching platform, subjected the missile to 
a high roll torque. For the purposes of the test, the 
missile antenna was secured to the roll gimbal of the 
Flight Table for physical simulation. Commands 
were then programed to simulate the actual missile 
roll motion at launch. The overall effects upon the 
missile gyroscope antenna assembly and the associated 
roll correction servo were evaluated. 

Over 100 simulated launchings were completed to de- 
termine these design criteria. A complete plot of the 
operation of the seeker antenna roll correction system 
indicated that if the missile rates and accelerations at 
launch exceeded the capabilities of the roll mount drive 
system, a reduction in the allowable transverse gimbal 
angle would be necessary. 

Other successful tests completed on the Flight Table 
include trajectory studies; operational evaluation 
studies; complete three-dimensional auto pilot studies, 
using eight inertial elements mounted to the Table; 
and a bomb directing set evaluation. A culmination of 
150 to as many as 3,500 complete simulation runs were 
concluded on each study mentioned. The tests as out- 
lined above were performed under the direction of the 
Bendix Research Laboratory Division in Detroit, 
Mich. 


SYSTEM SYNTHESIS 


As previously mentioned much valuable information 
has been accumulated using analog computers for sys- 
tem synthesis studies. The Flight Table, when used as 
a computing device, constitutes a formidable analog 
computing capacity. Assuming that one rack of com- 
mercial equipment contained one servo, driving four 
precision sine cards and four cosine cards with the as- 
sociated electronics, approximately eight racks of 


‘equivalent computing equipment would be required. 


(Continued on page 44) 
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The author considers the air-cooling technique of equipment cooling to be superior with respect to 


reliability, minimum fixed weight, and research and development effort required. 
With a sufficient amount of time, facilities, education, and personnel, the liquid system could 
be brought up to the equivalent air-technique ‘‘state-of-the-art,” thus eliminating many of its disadvantages. 


Equipment Cooling Techniques 


for Supersonic Aircraft 


ie DESIGN of airborne electronic 
and electrical equipment must incorporate sound ther- 
mal principles and be in accordance with the available 
cooling air temperatures and pressure drops. The 
designs must be integrated with the air conditioning 
system provided for the aircraft. Of primary value is 
the necessity of joint effort among electronic, packaging, 
control, and equipment cooling engineers and designers. 

This study evaluates the many problems involved in 
the utilization of liquid and air cooling techniques 
applied to equipment cooling. Possible solutions to 
these problems are shown, and a comparative analysis of 
liquid versus air cooling systems is made. 

The selection of an optimum cooling system should 
be based on an investigation of the cooling techniques 
and fluids with respect to 

(1) Applicability of cooling method to specific equip- 
ment—i.e., feasibility. 

(2) Service and maintenance. 

(3) Allowable degradation of equipment accuracy. 

(4) Temperature control requirements. 

(5) Weight and spatial requirements. 

(6) Installation problems. 

(7) Overall system effect on airplane performance. 

(8) Research and development cost and facilities. 

(9) Reliability—component and overall system. 

(10) Flexibility of system. 

The actual cooling, within the equipment, is accom- 
plished by any one or all of the following methods: 

(1) Forced-air cooling achieved either by a direct 
technique—i.e., channeling the air directly over the 
equipment components—or by 

(2) An indirect technique in which the equipment com- 
ponents are attached to a heat exchanger (‘‘cold plate’’) 
and the air flows within the confines of the cold plate, 
not contacting the equipment directly. 

(3) Liquid cooling, for our purposes, will be confined 
to the indirect technique noted in (2). 


Mr. Roth is Project Propulsion Engineer at Fort Worth, Tex. 
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DESIGN BasIs 


To further understand the basis upon which the 
equipment cooling system is selected, it is of value to 
appreciate the following basic points of design: 


Material Temperature Limits 


Typical component material temperature limits, 
shown in Table 1, indicate the wide range of maximum 
allowable values. This is an excellent indication of the 
difficulties involved in the proper distribution of both 
the components within the chassis and the problem of 
directing the coolant in the proper pattern. 


Cooling Liquids’ Physical Characteristics 


The cooling liquids compared in Table 2 are those 
likely to be considered for equipment cooling. (These 
are not necessarily the final heat sinks.) With the 
exception of water solutions, all of the liquids require a 
relatively large pumping power, which is a function of 
W(AP). 

Of the combustible liquids, the water-methyl alcohol 
appears superior. Nearly equally as acceptable are the 
water solutions of propylene glycol and ethyl alcohol. 
Of the noncombustible liquids, the water-ethylene glycol 
solution appears superior. The water-glycerin solution 


TABLE | 
Material Temperature Limits 


Temperature Limits, ° F. 
(Ambient Unless 


Component Otherwise Stated) 
Transistors, germanium type 10 to 125°F. 
Transistors, special 265°F. max. 
Porcelain-silver capacitors 390°F. max. 
Resistors derated 25 per cent 260°F. max. 
Wire insulation 480°F. max. 
Subminiature tubes (surface temp. ) 500°F. max. 
Transformers 415°F. max. 
Bonding resins 575°F. max. 
Foam plastic sandwich 300°F. max. 
Motors, surface temp. —65 to 160°F. 
Relays, surface temp. —65 to 185°F. 
Potentiometers, surface temp. —65 to 185°F. 
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presents a severe warmup problem because of high vis- 
cosity at low temperatures. 


Cold Plates and Their Geometrical Arrangements 


Possible cold plate arrangements are shown in Figs. 
1, 2, and 3. These are, of course, applicable to both 
liquid and air systems. A possible schematic ar- 
rangement for an entire electronic equipment bay is 
shown in Fig. 4 for liquid coolant and Fig. 5 for air 
coolant. These are sample methods. 

Experience has shown the following: 

(1) The liquid system has been used in few applica- 
tions to date. It has been utilized in those specific 
areas where air cooling was not practical—e.g., very 
small and widely scattered units in confined areas. 

(2) At present the air system, and in particular 
direct convective cooling, is necessary in the case of gy- 
ros and simular units. 

(3) Air cold plates (indirect cooling) and direct air 
cooling applied to similar types of units require approxi- 
mately the same weight in hardware—e.g., baffles, 
chimneys, clamps, etc., for indirect coolant method. 

(4) The weight of hardware for cooling—for most 
packages, except those with Traveling Wave Tubes 
(TWT’s)—is about 33 per cent of the total package 
weight. With TWT’s, it is approximately 20 per cent 
of total package weight. 

(5) In many instances electric blowers are required 
in units utilizing cold plates. 


DESIGN ANALYSIS 
Design Data 


The aircraft mission profile—i.e., altitudes, speed, 
time—is the most logical starting point to ascertain the 
flight conditions that should be considered as the so- 
called “‘design-point.”’ 

A design-point condition is a single condition, or a 
small group of conditions, existing in a specification to 
which equipment manufacturers design and qualify 
their equipment and which the ultimate user sets up 
as a requirement in purchasing equipment. 

Analysis indicates the equipment cooling system 
would best be designed to meet two conditions of flight 
—the basic system to supply equipment cooling during 
subsonic cruise, with the addition of water, fuel, and 
ammonia boilers to meet the high-speed condition. 
Actually, thermal lag will suppress the maximum adia- 
batic wall temperature to a degree dependent on the 


TABLE 2 
Comparison of Cooling Liquids 

Cp p WAP 

B.t.u Ibs. Ibs. Ib. 

Liquid at 115°F, Ib-°F.  hr.-ft. —ft.3 hr,P® 
Water 1.00 1.45 61.80 1.00 
OS-45 0.54 28.00 55.30 11.32 
Propylene glycol 0.64 33.90 63.60 6.39 
Isobutyl-isopropyl 0.48 3.86 58.35 9.57 
Water-methol alcohol 0.85 2.06 55.04 1.91 
Water-propylene glycol 0.83 9.00 63.90 2.35 
Water-ethylene glycol 0.77 6.30 66.35 2.56 


TOTAL HEAT _ CONVECTION | RADIATION , CONDUCTION 
REJECTED ~ TO CASE TO CASE 


C CHASSIS 


UCTURE 
(POSSIBLY A COLD PLATE) 


Fic. 1. Natural heat paths in avionic package. 


Fic. 2. Cold plate schematic. 


(Equipment in contact 
with inner case) 


OUTER CASE 


COLD PLATE 
(Coolant Flows through rte 
this central plate. 
Equipment supported on 
this plate.) 


Fic. 3. Cold plate arrangements. 
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Fic. 4 (top). 
Fic. 5 (bottom). 


Schematic of liquid cooling system. 
Schematic, air-cooled pressurized 
compartment. 


electronic 


duration of the dash conditions and thus control the 
size and quantity of water boilers, etc. Idle engine 
power descent conditions are short-term transients 
and, if designed to, would require a system much too 
large. 

The effect on equipment ambient air of aerodynamic 
heating (say 450°F. environment or higher) and solar 
radiation are reduced considerably by the thermal lag 
of the aircraft structure, equipment insulation, and the 
simple expedient of having the equipment exhaust air 
(at 250°F.) flow around the equipment before finally 
exhausting. Cursory analysis indicated that an air 
shield around the equipment of 250°F. is not materially 
affected by approximately 1 hour of high-speed flight 
(Mach 2 to 3). The maximum expected heat transfer 
from this 250°F. ambient into the package approxi- 
mates 5 per cent of the equipment heat dissipation. 
Without this artificial atmosphere around the equip- 
ment, the expected heat transfer into the equipment 


could exceed 15 per cent of the equipment produced 
heat. 


Procedure 


Weight Analysis—An overall weight comparison of 
the various systems includes the expendable, fixed, and 
gross weights. The expendable weight is expended or 
consumed during the mission as, for example, the weight 
of expendable solids or liquids or the extra fuel which 
must be consumed to overcome system drag penalties. 
This indicates why weight and performance penalty 
studies should be integrated. The fixed weight con- 
sists of system items installed permanently in the air- 
craft. The gross weight combines the fixed and ex- 
pendable weights. 

In most instances the electronic equipment package 
weight attributed to cooling hardware will not vary 
appreciably between the cold plate (indirect) and the 
forced convection (direct) cooling techniques. Thus it 
is possible to determine this weight, on an approximate 
basis, by analytical means utilizing the definable param- 
eters of the cold plate device. The total weight of 
the cooling hardware is approximated by (1) evaluating 
cold plate weight, for which an empirical analysis has 
been devised, and (2) adding to this weight an assumed 
increase for necessary clamps, binders, etc., equal to 75 
per cent of the cold plate. This is based on the use of a 
near-optimum cold plate. Thus 


Weight of cooling hardware (direct or indirect method) = 
Weight of cold plate from heat-transfer analysis X 1.75 


The weights of some liquids which may be used as 
coolants are shown in Table 2. 

Calculated weights of liquid and air cold plates are 
shown in Table 3. For the same size cold plate (length 
and width only) and wattage dissipation, the metal 
weight for an air cold plate is about twice that of the 
liquid under laminar flow conditions. Adding the 
liquid weight to the weight of the cold plate adds about 
80 to 90 per cent of the metal weight resulting in air and 
liquid cold plates of about the same overall weight. 


TABLE 3 


Tabulation of Liquid and Air Cold Plate Data 


Water-ethylene glycol (40 per cent wt. of water) 

Plate 26 in. long (Box 26 by 12 by 12 in.) and 12 in. wide 
Heat input 872 watts—i.e., 486 watts/side 

Plate made of aluminum (180 Ibs. /ft.*) 


Laminar flow 


Sea-level pressure, ambient 


Liquid Coolant Cold Plates 


Total No. of —Coolant Passage— Plate Temp., Approx 
Plate Coolant Width, Height, Coolant Temp., oF. Plate 
Plate Thickness, Passages, Cold Hot Flow, As Weight, 
No. ft. n x y Tin End End Ib. /sec. in. Ib. 
1 0.01952 172 0.003 0.00625 100 120 102 126 0.0536 5 6.25 
2 0.01938 89 0.003 0.00938 100 120 105 125 0.0536 5 6.57 
3 0.01952 26 0.003 0.01152 120 160 135 175 0.0261 5 7.20 
4 0.01895 21 0.003 0.00895 160 200 175 220 0.0254 5 ie Sf 
Air Coolant Cold Plates 
1 0.0454 140 0.0041 0.012 70 225 200 235 0.0224 5 15 
3 0.0435 +170. 0.0048 0.00935 80 235 175 250 0.0222 10 12.6 
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To determine the total weight of cooling hardware, 
multiply the weights of cold plate (plus liquid, if used) 
by 1.75. This weight 1.75 W., is also the weight of 
cooling hardware for a direct cooled unit. Extending 
this further, since the weight of the electronic package is 
approximately three to five times that of the cooling hard- 
ware, it is possible to approximate equipment weights. 
This may also be worked in the reverse manner—i.e., 
from known equipment weight to cooling hardware 
weight. An example of the above analysis follows. 

Assume a cold plate from Table 3 


Plate No. 4 
Wep 7.17 lbs. 
Wiiquia = 0.9 X 7.17 Ibs. = 6.45 Ibs. 


Wrotat Wiiquia + Weoora plate = 13.62 Ibs. 
plate 

Wrotat = Weotar X 1.75 = 23.85 Ibs. 
cooling plate 
hardware 


= 24 Ibs. (assumed) 


with a total package weight equal to four times the 
cooling hardware weight. Then 


Wrotat package = 4 x 24 = 96 Ibs. 
Power in package = 872 watts 
96/872 = 0.110 lb./watts 


This is, of course, just a rough estimation and an 
average for typical packages. 

Performance Penalty Study—Studies of the relative 
merits of various equipment cooling systems resulted in 
the following conclusions: 

(1) The selection of the best system depends largely 
upon the speed at which the vehicle is traveling. 

(2) Ram air system can be used to advantage up to 
Mach Number of approximately 1.2. 

(3) Utilization of expendable liquids is superior to 
other systems at Mach Numbers greater than 1.8. 

(4) A liquid heat sink is selected primarily on a basis 
of its latent heat and vapor pressure. Of course, 
chemical activity and toxicity must be considered. 
Water has the ability to absorb more heat than any 
other usable liquid, but its vapor pressure is so low that, 
as a heat sink, it is limited to the higher altitudes. 

(5) Other liquids such as ammonia can be substi- 
tuted for-water, but the resulting systems will be 
heavier. 

Studies indicate that there is no practical perform- 
ance penalty difference between the air and liquid 
systems. Since fixed weight is importaat in determin- 
ing payload or fuel capacity for take-off, the air system 
is perhaps the better of the two. 

Reliability—The reliability of an item is generally de- 
fined as its probability of success in performing a speci- 
fied task for a given operating time under the opera- 
tional environment. 

An overall reliability of 85 per cent for projected air- 
craft will be required, and the environmental control 
portion of the equipment should not degrade the system 
teliability to any degree under any flight, ground, or 
storage conditions. 

For example, the liquid system is a closed system, and 


TABLE 4 
Electronic Package Cold Plate 


Advantages Disadvantages 
(1) The coolant flow is com- (1) Many units must be cooled 
pletely separated from the by a direct blast of cooling 
electronic equipment. This air. This would require 
permits hermetically either additional airflow 
sealed units to be cooled ducting and/or a blower. 
easily. 
Cold plates can be de- (2) If the module system is 
signed to serve the dual used, it means replacement 
purpose of becoming a part of whole black boxes rather 
of the equipment primary than individual pieces. 
structure or as a storage (3) Vibration of cold plate due 
shelf for plug-in modular to cooling fluid and/or other 
packages equipment. pulsing modes can cause 
(3) The cooling fluid channels ‘noise’ interference. 
of a cold plate can be de- (4) It is sometimes necessary 
signed practically. to isolate elements with no 
The cold plate is able to heat dissipation from those 
conduct heat, concentrated having high heat dissipa- 
at a region, by spread- tion. 
ing it over a relatively (5) Excessive temperature gra- 
large area compared with dient between plate and 
the surface area available equipment being cooled. 
at the heat source. 


(2 


(4 


Direct Air Cooling (by forced air) has the following advantages: 

(1) Possible methods of arrangement, placement, mounting, 
fastening, finning, baffling, ducting, and other factors are so 
numerous that innumerable cooling designs are possible for 
one package. 

(2) Ability to cool specific units as required, thus optimizing 
required airflow. 

(3) Direct cooling permits the designer to enjoy a greater range 
of available inlet temperatures, weight of airflow, and exhaust 
temperatures. 


any loss of the primary coolant being supplied to the 
electronic equipment packages cannot be made up. 
Thus a leak in a liquid system will cause a reduction in 
reliability. In an air system, a leak, if not too large, 
can be overcome by increasing the overall airflow or 
taking a reduction in the cooling capacity of the system. 

Thus, on a reliability basis, the air system appears to 
be the best choice. 

Applicability to Electronic Equipment—In many 
instances the electronic equipment must, owing to 
inherent physical and operational characteristics, be air 
cooled by direct means. This means no cold plate can 
be made to do the job properly. If a liquid system is 
used, additional blowers would be required to circulate 
the cool air over the item. 


Navigation items and others using gyros and small 
rotating mechanisms would be involved here. 

The cold plate, with careful design, can be made to fit 
most types of equipment. The air system can be made 
to fit any present or expected equipment cooling re- 
quirements. 

Installation Problems—The trend is toward packaging 
in ‘‘file drawer’ or ‘‘rack and drawer’ configuration 
(see Fig. 4). File drawer setups require a subchassis 
division to obtain the individual drawers and is a major 
electronics problem. 

Some installation problems are (1) equipment inter- 
action in adjacent drawers; (2) heat transfer; (3) shock 
and vibration; (4) failure of disconnects used with 
liquids to seal, resulting in loss and possible disruption 
of cooling system. 
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Comparison of Cold Plate vs. Direct Cooling 


The use of cold plates, whether air or liquid, has 
certain advantages and disadvantages as shown in 
Table 4. 


CONCLUSIONS 


The comparative study of both liquid and air sys- 
tems for cooling electronic equipment has shown that 
the air cooling method is best suited to present aircraft. 
The air system selection is based on the following: 

(1) Reliability: The reliability of the air system is 
inherently better than that of the liquid system. 

(2) Weight: The overall system fixed weight is less 
for the air system. The weight attributable to the 
hardware required on or within an electronic package is 
approximately the same for air and liquid systems. 

(3) Performance penalty: Based on equivalent 
weights—i.e., fixed weight plus thrust reduction to 
operate system—the two systems have almost identical 
performance penalties. 

(4) System flexibility: The air system is more flexible 
than a liquid system. This is indicated by the change 
in air mass flow rate to meet varying flight conditions. 
The liquid coolant mass in the system is constant. 

(5) Applicability of cooling system: The air system 
can be used directly with any and all equipment while 
the liquid coolant cannot be used directly to cool such 
items as gyros. 

(6) Manufacturer's problem: ‘The industry has done 
little with liquid cooling to date. If we are to use the 
liquid system, it would require education of concerned 
personnel, new facilities, and a large amount of test 
work. Air as a coolant presents no such problem. 

(7) Maintenance: The major difference between the 


+ 


two systems lies in the draining requirement for the 
liquid system. 


RECOMMENDATIONS 


Increasing the cooling efficiency of any equipment 
cooling system must be a continuing process. The 
following investigations should be pursued: 

(1) Temperature control of gyros. 

(2) Means of protection of electronic equipment from 
abnormal environmental conditions. 

(3) Transient temperature correlations with environ- 
mental and electrical variations. 


BIBLIOGRAPHY 


Cooling of Airborne Electronic Equipment, Vol. I, Second Con- 
ference at Ohio State University, 1953. 

Equipment Cooling Systems for Aircraft, WADC TR 54-359, 
September, 1954. 

Blanchard, A. W., Cooling of Electronic Flight Control Com- 
ponents in Supersonic Aircraft, IRE Paper, March, 1956. 

Carhart, Nathan A., The Problem of Cooling Electronic Equip- 
ment in High-Performance Aircraft, Aeronautical Engineering 
Review, Vol. 15, No. 5, pp. 76-81, 109, May, 1956. 

Cornwall, E. W., Thermal Considerations in Electrical Accessory 
Design, Aeronautical Engineering Review, Vol. 13, No. 12, pp. 
59-64, 67, December, 1954. 

Jerger, Joseph J., The Application of Proven Techniques to the 
Cooling of Airborne Electronic Equipment, IRE Paper, March, 
1956. : 

Mark, Melvin, and Stephanson, M., Forced-Air Cooling Tech- 
niques for Electronic Equipment, IRE Paper, March, 1956. 

Sandelin, Marshall P., Liquid Cold-Plate Method for Cooling 
of Air-Borne Electronic Equipment, Aeronautical Engineering 
Review, Vol. 13, No. 5, pp. 82-85, 93, May, 1954. 

Wells, Doyle C., Cooling Supersonic Electronic Equipment, 
Aeronautical Engineering Review, Vol. 13, No. 5, pp. 70-73, 
May, 1954. 

Welsh, James P., Cooling Procedures Necessary to Avionic 
Reliability, Aeronautical Engineering Review, Vol. 15, No. 5, 
pp. 110-113, May, 1956. 


Three Axis Flight Simulator Systems (Continued from page 39) 


I hasten to say, however, that the equipment is best 
utilized when applied in physical simulation closing the 
loop on a system. 


NEw CONCEPTS AND USAGES 


The efficient use of a Flight Table in conjunction with 
a controlled target simulator is now a reality with much 
engineering effort being directed at that area. 

One user of a Flight Table is currently giving serious 
thought to the possibility of adding the translation 
vector to the present angular motions. This physical 
simulation would be performed by the usage of a single 
or multiaxis Flight Table mounted to a translation 
device such as a sled. 


CONCLUSION 


Physical simulation is here to stay; indeed it has 
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been with us for some time. It has proved inexpensive 
when compared to the only other method of component 
checkout—actual flight tests. The Flight Table has 
proved to be of inestimable value due to its computing 
capacity and ability to physically mount and utilize the 
missile hardware in a closed loop. 
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The Role of 
Manned Balloons 


PILOTED FREE BALLOONS 
may seem old fashioned and outmoded as we approach 
the era of manned flight into space, experimentation 
from manned balloons can contribute basic knowledge 
of great importance for man’s exploration beyond our 
atmosphere. 

There are two major areas in which manned balloon 
flights can provide valuable information to aid engi- 
neers and scientists charged with determining needs, 
specifications, and designs of manned earth satellites 
and true space vehicles. The two areas include human 
factors studies and the broad field of extraterrestrial 
measurements. 

In the studies of human factors, balloon flight per- 
sonnel are‘subjects. Much has been accomplished in 
this area, but even more significant accomplishments 
can—and must—be made in the future. 

In the area of extraterrestrial measurements it is 
essential that astronomers and astrophysicists be in- 
cluded in future balloon crews for the exciting oppor- 
tunity to peer out into space from the balloon-borne 
observatory. They will assist in the exploration of 
Space by utilizing a currently available vehicle, the 
balloon, in lieu of an earth satellite or space ship to 


Condensed and revised exclusively for this issue of Aero/ 
Space Engineering from the paper of the same title presented 
before the Meteorology Session, held in cooperation with the 
American Meteorological Society, at the IAS 26th Annual 
Meeting, N.Y., Jan. 27-30, 1958. 

The authors are Physicist and Operations Manager, respec- 
tively. 


The subject of this paper is illuminated 


with an extensive report of the authors’ 


observations and experiences in the 


Strato-Lab High #2 flight of 


October 18, 1957. 


in the Exploration of Space 


Malcolm D. Ross, Office of Naval Research 
and 


M. Lee Lewis, Winzen Research Inc. 


obtain basic information. They will also be designing, 
using, and establishing techniques for prototypes of 
instrumentation which will eventually be used in space 
vehicles. A distinct challenge is therefore offered to 
resourceful and imaginative scientists in this prospect- 
ing area. The opportunity exists to use the manned 
balloon laboratory, floating above 98 per cent, or more, 
of our atmosphere, and explore space now. 


BACKGROUND 


In 1783, Montgolfier launched the first free balloon in 
France; then the first human, Pilatre de Rozier, also a 
Frenchman, ventured aloft in a balloon. This is, 
therefore, the 175th anniversary year of man’s first 
flight. During those 175 years, many observations 
have been made from balloons as man first ex- 
plored in the earth’s atmosphere. Jeffries, Zakharov,” 
Glaisher,* and Bert‘ are only a few of many who have 
used this tool for exploratory research. Manned balloon 
flights pertinent to space flight, however, began as re- 
cently as 1931 when Auguste Piccard® made the first of 
his two historic stratospheric ascents. 

From 1931 through 1957 there were a total of 17 
manned balloon flights into the stratosphere. Ten 
were made in the 1931-1935 period, then none for al- 
most 21 years. From August, 1956, to October, 1957, 
there were seven manned stratospheric ascents in this 
country during the renaissance of free ballooning with 
plastic balloons. 

Five of the recent flights were part of the Navy 
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Strato-Lab program and two were under the Air Force Air Force investigations, his quantitative measurements 
Man High project. Of the 17 flights, 14 have used are unique because his subjects were two-man crews in 
sealed cabins. Thus, a meager but valuable source of each of the four Strato-Lab ascents studied. The 


information exists which documents man’s reactions at authors have been privileged, along with Strato-Lab 
high altitude in a completely artificial environment. alternate, Charles B. Moore, Jr., of Arthur D. Little, 
Table 1 summarizes the 14 sealed cabin stratospheric Inc., to serve as subjects. 
flights. All high-altitude balloon flights have contributed in a 

In 1956, Captain N. L. Barr, MC, USN, of the Navy qualitative sense to the total knowledge of the cosmic 
Bureau of Medicine and Surgery, started making direct radiation health hazard. According to Schaefer,’ how- 
measurements of human reactions during Strato-Lab ever, radiobiological studies are of little value, when 
balloon flights. These were the first ever made of applied to man in space, unless made at altitudes of at 
humans flying in a sealed cabin with an artificial environ- least 120,000 ft. or higher. Thus it appears that defini- 
ment. Subsequent to the report of his findings® from tive contributions to space medicine are lacking in this 
two 1956 ascents, he has continued his pioneering work area and await higher altitude flights. 
with measurements on two 1957 Strato-Lab flights. A further review indicates that much has been 
Although his work has been supplemented with U.S. accomplished in studying our own atmosphere, but 

Summary of Balloon Flights Using Sealed Cabin Systems 
Alt. of 
Balloon Balloon 
Date and Place & Cabin Personnel Air Cond. System Remarks 
27 F.N.R.S 51,458 A. Piccard Comb. gaseous O: and liquid Oy. Reached 106°F. in gondola. (Top 
May Augsburg, 10,000 P. Kipfer Chemicals. was black and bottom was white) 
1931 Germany 
18 F.N.R.S. 53, 152 A. Piccard ee we Gondola temp. as low as O°F, 
Aug. Zurich, 10,000 M. Cosyns (White all over) 
1932 Switzerland 
30 USSR 60,695 Prokovief Liquid Q., gas O. for backup. High humidity. 
Sept. Moscow, 10,000 Birnbaum Natron lime, sulphuric acid, and 
1933 Russia Godunow phosphorous pentoxide. 
20 Century of 61, 237 T. Settle Liquid O2 and chemicals. 
Nov. Progress 10,000 C. Fordney 
1933 Akron, Ohio 
30 Osoaviakhim 72,000 Fedosienko Liquid O2 and chemicals. Cabin free fell from 50,000 feet, 
Jan. Moscow, (approx. ) Wasienko All perished. 
1934 Russia 10,000 I. Usyskin 
28 Explorer 60,613 W. Kepner Liquid O, and chemicals. Balloon failed, crew parachuted 
July Rapid City, 13,000 O. Anderson safely. 
1934 So. Dak. A. Stevens 
18 F.N.R.S. 52,329 M. Cosyns Liquid O: and chemicals. 
Aug. Hour 10,000 Van der Elst 
1934 Havenne, 
Belgium 

23 Century of 57,579 J. Piccard Liquid O.. Silica gel, sodium Functioned well. 
Oct. Progress 10,000 J. Piccard hydroxide and magnesium per- 
1934 Detroit, Mich. chlorate. 
26 USSR 52,000 Warigo Liquid O2 and chemicals. Successful. 
1935 Prilucki 
11 Explorer IT 72,395 O. Anderson Mixture of liquid O2 and Nz. Successful. Outstanding scientific 
Nov. Rapid City, 13 , 500 A. Stevens Sodium hydroxide. contributions. 
1935 So. Dak. 
8 Strato-Lab 76,000 M. Ross Liquid O.. Lithium hydroxide, Malfunction of balloon. Rapid 
Nov. Rapid City, 17,500 M. Lewis lithium chloride. descent, safe landing. 
1956 So. Dak. 
2 Man High 96 , 000 J. Kittinger Liquid O: and helium. Lithium Successful. First solo with sealed 
June Minneapolis, 25,000 hydroxide, lithium chloride, cabin in stratosphere. 
1957 Minn. magnesium perchlorate. 
19-20 Man High 101,516* D. Simons Fe Successful day-night flight of 32 
Aug. Crosby, 25,000 hours. Had elevated CO, and 
1957 Minn. temperature. 
18 Strato-Lab 85, 700 M. Ross Liquid O2. Lithium hydroxide, Successful, routine. Elevated 
Oct. Crosby, 17,000 M. Lewis lithium chloride, molecular sieve. humidity and temperature. 
1957 Minn. 

* Official world altitude record. 
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little has been directed toward the region beyond our 
atmosphere. The historic Explorer II made a tremen- 
dously important scientific contribution.’ But, other 
than investigations of cosmic ray activity and expo- 
sures of biological specimens, all information was geo- 
physical. Major Simons, although equipped with a 5- 
in. telescope, reported capsule stability problems® with 
no astrophysical measurements. 

A. Dollfus, in France, has made progress in this area 
of science. During a tropospheric balloon flight to 
about 20,000 ft. in 1954 he attempted measurements of 
the water vapor content of the Martian atmosphere. 
He concluded,” however, that there was too much 
residual terrestrial water vapor above him, and meas- 
urements should be repeated from the stratosphere. 
Dollfus also made tropospheric balloon flights for solar 
studies in collaboration with the British astronomers 
Blackwell and Dewhirst. Although his solar granulation 
photographs are not comparable with the ones taken 
from unmanned stratospheric balloons by Schwarz- 
schild,'' it is possible that additional altitude would also 
produce sharp photographs with Dollfus’ 11-in. tele- 
scope. 

Vaeth'’ has discussed the astronomical future with 
manned plastic balloons, and the proposal of Dr. John 
Strong to use the manned plastic. balloon and a unique 
telescope-spectrograph to investigate the Martian atmos- 
phere has previously been reported.'*:! Since his pro- 
posed research became a part of the Navy Strato-Lab 
program, he suggested that the authors make measure- 
ments to ascertain the gondola stability while floating at 
altitude. The acceptable motion limits with his system 
include rotation of 0.1°/sec. and a maximum vertical 
axis displacement of +1°. The motion was measured 
on a recent flight and the results will be considered in a 
later section. 


THE STRATO-LAB PROGRAM 


The first important work with plastic balloons began 
in 1935 when Dr. Jean Piccard experimented with 
cellophane balloons at the Bartol Foundation. Later, in 
collaboration with Dr. John Akerman at the Univer- 
sity of Minnesota, this experimentation was extended 
and successful unmanned flights were conducted in 
1936. 

In 1946 the Office of Naval Research supported a 
Project, called Helios, with General Mills, Ine., of 
Minneapolis, Minn., which was the dream of Piccard’s 
for a cluster of plastic balloons to carry a two-man crew 
in a sealed gondola to an altitude of 100,000 ft. for re- 
search. After a year’s study, investigation of plastic 


materials, and some experimentation, it was decided by 


the U.S. Navy that Helios was premature but that the 
plastic balloon appeared attractive for research. ONR 
then initiated Project Skyhook to utilize single plastic 
balloons for unmanned flights with instruments carried 
to stratospheric altitudes. The first successful Sky- 
hook flight was made September 25, 1947, and the proj- 
ect is still supported by ONR (in recent years jointly 


TABLE 2 


Summary of Stratospheric Flights Conducted Under Navy 
Strato-Lab Program 


Date Altitude Personnel Objective . Remarks 
10 40,000 M. Ross Geophysical First manned flight into 
Aug. M. Lewis and physio- stratosphere on plastic bal- 
1956 logical loon. First stratospheric 
studies. balloon ascent since 1935. 
Open basket gondola with 
ambient conditions. Gase- 
ous Os. Very successful 
flight. 
24 2,000 H. Froehlich Geophysical. Set new unofficial altitude 
Sept. K. Lang record for open basket gon- 


1956 dola. Liquid Os. Very 
successful flight. 


8 76,000 M. Ross Test system, First sealed cabin flight on 
Nov. M. Lewis provide plastic balloon. System, in 
1956 subjects for general, adequate. ~ Mal- 
aeromedical function of balloon caused 
research. apid but safe descent. 
Excellent data related to 
physiological stress of sub- 
jects. 
19 38,000 H. Froehlich Geophysical. Open gondola. Liquid O2. 
Aug. K. Lang Excellent flight. Made ex- 
1957 periments successfully. 
18 85,700 M. Ross Aeromedical, Quite successful, almost 
Oct. M. Lewis geophysical, routine. Highest known 
1957 astrophysical, altitude for a two-man 
and evalu- crew. Sealed cabin system 
ation of sys- and balloon performed well 
tem. with exception of humidity 


and temperature control. 
Good experimental data. 


with the Atomic Energy Commission) as a unique means 
for collecting data over a period of many hours while 
the balloons float at a constant density level. 

In 1954, ONR originated the Strato-Lab manned 
plastic balloon program to extend the research capa- 
bility so ably demonstrated with the unmanned Sky- 
hook plastic balloon. It was conceived as a manned 
laboratory floating at any desired altitude up to 100,000 
ft. or higher. Its objective was to provide a system for 
research which required people—as subjects, as scien- 
tists—to use special instrumentation for exploratory 
observations, or to evaluate various military com- 
ponents and techniques. 

A number of ascents have been made under Strato- 
Lab. Most have been conducted to obtain geophysical 
information at altitudes well below the tropopause. 
Two were made into the upper regions of the troposphere 
in connection with observations of thunderstorm 
development'® and five flights were made into the 
stratosphere during 1956 and 1957. The latter are 
chronicled in Table 2. 

It is evident that the sealed cabin system flights are 
the ones most pertinent to the consideration of space 
exploration. Since the flight of November 8, 1956, has 
been reported elsewhere, the flight of October 18, 
1957, designated Strato-Lab High #2, will be discussed 
here. 


FLIGHT OF STRATO-LAB HIGH #2 


Contractor for the flight, Winzen Research Inc., 
Minneapolis, Minn., was responsible for readying the 
gondola, building the balloon, and conducting the 
launch. While airborne, the authors (both on active 
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Fic. 1. Time-altitude plot; Strato-Lab High #2, 
October 18, 1957. 


Navy duty as Lieutenant Commanders) were in com- 
mand of the flight. Comdr. R. C. Cochran, USN, 
ONR, was Operations Officer and coordinated the var- 
ious tracking aircraft and ground vehicles. 

Donald Foster, project engineer, prepared the gon- 
dola for flight and conducted preflight environmental 
tests. Otto C. Winzen directed his crew during the 
early morning hours for the inflation and launch, 
assisted during the tracking, and supervised recovery. 
The gondola, except for minor changes and some addi- 
tional equipment, had been flown before so earlier de- 
scriptions”: *! are adequate. 

The balloon was constructed of two mil gage poly- 
ethylene with load bearing glass fiber tapes. It had the 
“natural” shape at ceiling altitude with a diameter of 
approximately 172 ft. and displaced about 2 million 
cu.ft. The electric valve in the balloon crown was 
operated from within the gondola to allow control of 
vertical movement. A large unpacked cargo parachute 
was used as a load line between balloon and gondola, 
available in emergency as an automatic safety device. 

The launch, at 0717 CST, was smooth and the ascent 
out of an open pit iron mine near Crosby, Minn., un- 
eventful. To assure a swift departure from the sharp 
nearby walls of the pit an excess amount of helium was 
used. At an altitude of about 2,000 ft. above the sur- 
face, the indicated rate of rise was reduced from 1,200 
ft. per min. to about 700 ft. per min. by valving. At 
10,000 ft. the lower hatch was closed and the gon- 
dola sealed. From then on the flight was routine 
with an indicated peak altitude of 85,700 ft. The plot 
of altitude versus time is shown in Fig. 1. The flight 
trajectory (Fig. 2) was primarily toward the east and 
the landing was made near Hermansville, Mich., at 
1643 CST. 

Balloon performance was excellent as indicated in 
the floating altitude portion—almost 3 hours—illus- 
trated in Fig. 1. No ballast was used except to facili- 
tate landing. The latter was accomplished with ex- 
pendable batteries which performed the dual function 
of providing power and serving as ballast. Except for 
a few pounds consumed immediately before landing, the 
full 257-lb. load of iron dust ballast remained aboard. 


RESULTS OF STRATO-LAB HIGH #2 


Measurements or observations made during the 
flight include three areas :. human, physical, and stability. 
Each will be discussed. 
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Human Factors 


Included were quantitative measurements, as well as 
purely subjective reactions of the crew. 

(1) Physiological Reactions—Heart and respiratory 
information were transmitted by radio (automatically) 
and received aboard a Navy R5D type aircraft. 
Physiological fitness of the subjects was continuously 
evaluated and the data tape recorded for postflight 
analysis. Blood and urine samples were collected at 
scheduled times for analysis to reflect chemical changes 
indicative of physiological stress. The results, when 
fully analyzed, will be reported by Dr. Barr. 

(2) Environmental Conditions—These were reported 
at regular intervals by radio and tape recorded, and the 
more significant items logged in the flight journal. A 
standard 35-mm. camera photographed the instrument 
panel at 2 min. intervals which provided additional 
cabin environment information. Table 3 contains a 
summary of the conditions for this flight, which is be- 
lieved to have reached the highest altitude ever at- 
tained by a two-man crew. 

(3) Subjective Physiological Reactions—The human 
reactions, although purely subjective, are worthy of 
mention. The Air Force MC-3 type partial pressure 
suit was worn under the inner half of a standard U.S. 
Navy cold weather suit. A back pack personnel para- 
chute and an emergency bail-out seat pan were added 
to the above. 

Simple tasks were performed throughout the flight. 
These included the reading of various instruments, us- 
ing some of these at the various ports, taking photo- 
graphs, and related activity. As a result of this mod- 
erate movement and the discomfort experienced at 
ceiling altitude it was recognized that the clothing and 
protective equipment were not fully compatible with 
the concept of Strato-Lab as a research “‘laboratory.” 
It is believed that if each individual had remained 
seated, with no need to move around the gondola, the 
entire flight would have been made in relative comfort 
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TABLE 3 
Partial Climate Data from Strato-Lab High #2 Flight on October 18, 1957 


Int. 
Internal Int. Amb. Rel. 
Alt. Temp. Temp. Hum. pO: CO, O2 Remain. 
(Ft.) (°F.) (°C.) (%) (mm. Hg) (%) (Liters) 
0717 Launched 
0726 10,000 - Closed hatch. Set O2 converter at 20 1./min. 
0734 18,000 14,200 52 —20 66 115 0 4.1 
0743 25,000 18,220 49 —40 57 115 0 3.9 
0747 30,000 
0802 40,000 18, 200 43 —50 57 155 0 3.3 
0819 50,000 17,600 180 0 
0826 55,000 17,500 43 52 180 0 5 | 
0843 65,000 : 
0850 Set O. converter flow at 1 1./min. 
0851 70,000 
0900 75,000 17,300 48 —50 55 175 0 3.0 
0906 ,000 
0917 85,500 16,950 52 —45 59 185 0 3.0 
0918 85,200 
0920 Turned O: converter off 
0926 85,700 
0948 85,400 
1000 85,400 16,800 57 —45 66 180 0 3.0 
1030 85, 200 16,750 67 —50 56 175 0 2.9 
1100 85,400 16,500 7 —50 57 175 0 2.9 
Set O2 converter at 2 1./min. 
1130 85,400 17,500 7 —50 63 170 0 2.9 
1200 85,100 17,100 7 —45 61 ive 0 2.8 
Set O». converter at 1 1./min. 
1235 81,800 16,500 80 —40 60 180 0 2.8 
1255 77,000 16,500 Te —50 65 180 0 2.7 
1315 73,600 78 —50 58 180 0 2.5 
1335 68, 500 16,500 7 —50 2 185 0 2.5 
1405 64,600 16,800 75 —50 61 180 0 2.5 
1485 55,000 16,800 72 —50 63 180 0 2:5 
1500 44,250 16,800 68 —50 ys 185 1 2.5 
1530 37,000 17,300 65 7 0 2.3 
1643 Landed 


despite the elevated temperature and humidity. The 
combination of restrictive protective clothing and re- 
lated equipment, the temperature, humidity, and the 
moderate activity, however, proved at times to be 
highly fatiguing, even intolerable. Relief was ac- 
complished by terminating the assigned work. 

The above experience cannot be overemphasized rel- 
ative to the decrease of human efficiency in an abnormal 
and uncomfortable situation. 

(4) Subjective Observations of Interior Lighting—No 
significant perceptual difficulties were encountered 
within the gondola as a result of the brightness con- 
trasts of exterior reflected light. Unfortunately, no 
measurements were taken to supplement the data and 
discussions of Barr,?? Cibis,2* and Whiteside?‘ in con- 
templating the problems of vision at high altitude. The 
sharp contrasts they reported were noted, particularly 
the contrast from outside to inside. After looking at 
the bright cumulus below, an adjustment period of ap- 
proximately 10 sec. was needed for visual adaptation to 
the reduced brightness level inside the gondola. How- 
ever, inside the spherical gondola the contrasts did not 
appear to be significant with respect to the brightness 
differences in reflected light from the dark sky above, 
the horizon, or the bright clouds below. Rather, the 
significant interior contrasts came from spots of direct 
sunlight which entered through the ports and were al- 
most brilliant sources of reflected light on the interior 
gondola walls. Otherwise the interior of the gondola, 
which was painted white, was well lighted by the natural 


exterior brightness and did not seem to have the deep 
shadows and sharp contrasts which were as extreme as 
those measured in typical aircraft cockpits. All in- 
struments were easily read, except when completely 
blotted from view by the spot of direct reflected sun- 
light. 

(5) Subjective Psychological Reactions—On two pre- 
vious flights the authors have observed and reported™ 
the feeling of ‘‘earth separation’”’ and a pronounced urge 
to fly onandon. The feeling was present again on this 
flight except to a lesser degree than noted on the earlier 
flights. Since all available time of each person was de- 
voted to tasks assigned prior to flight, there were very 
few idle moments. As suggested by Clark and Gray- 
biel,*> that could account for the less pronounced 
awareness of the earth separation phenomenon, at 
least in part. 


Physical Measurements 


Included were geophysical and astrophysical obser- 
vations. 


(1) Geophysical 


(a) Air Sampling—Four evacuated 50-liter stainless 
steel flasks, prepared by Dr. Ruven Smith of the Naval 
Ordnance Test Station, China Lake, Calif., were used 
to collect air samples on descent, to minimize contami- 
nation from balloon helium. The levels were at 5,000 ft. 
intervals between 84,000 ft. and 69,000 ft. The sam- 
ples, analyzed with the mass spectrometer, should be 
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of interest relative to the chemistry of the stratosphere 
when Dr. Smith discloses his findings. 

(b) Sky Brightness—A Luckiesh-Taylor Brightness 
Meter, modified with a blue color reference to match the 
sky background, was provided by Dr. R. Tousey and M. 
Koomen of the Naval Research Laboratory for sky 
brightness measurements which they had suggested. 

The personal discomforts noted earlier prevented 
carrying out the planned measurements of polarized 
and unpolarized light at various altitudes and at par- 
ticular zenith angles. One specific measurement de- 
sired was along the are of a plane perpendicular to a 
line from the gondola to the sun. This hypothetical are 
from horizon to horizon is illustrated as A BC in Fig. 3. 
Only four measurements were made, on the CB seg- 
ment, and the results are contained in Table 4. Sheer 
fatigue and discomfort prevented the completion of this 
observation. 

(c) Exterior Illumination—A simple, yet quantita- 
tive, measure of illumination from the balloon, sky, 
horizon, and clouds was obtained with an ordinary Wes- 
ton exposure meter. 
Table 5. 

The exposure meter readings are admittedly crude 
when compared with the refined sky brightness meas- 
urements made by Teele,” Tousey and Hulburt,™ 
Barr,” and others. The readings are unique, however, 
as a complete synoptic (essentially) indication of sky 
and earth illumination from a point in the stratosphere. 

(d) Observations With Interference Filters—Negative 
results were obtained in an effort to detect atmospheric 
constituents, sodium in particular, with interference 
filters loaned by Dr. Tousey. The observational tech- 
nique was quite simple. The observer scanned the 
horizon, and region immediately above, while looking 
through the filters and rotating them slowly through an 
angle of 45°. 

(e) Planned Measurements Not Made—Instrumenta- 
tion was carried to make measurements for the Naval 
Ordnance Test Station. The equipment, however, 
became inoperative at the last minute. 

The authors shared keen disappointment with the 
chief investigator, E. V. Ashburn, who had labored dil- 
igently and painstakingly to prepare the instrumenta- 
tion. Observations were planned to measure the diffuse 
reflectance of earth and sky from the nadir to the edge 


These data are compiled in 
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of the balloon with a very sensitive radiometer. Also 
sky brightness at various altitudes was planned with a 
special sky photometer. Measurements of atmospheric 
humidity and transmissivity were also planned. Tem- 
perature data were obtained with the technique of 
black and white thermistors whirling at the end of an 
extension member attached to the gondola. This sys- 
tem was developed for Strato-Lab by Dr. V. E. Suomi, 
consultant to Winzen Research Inc. The temperature 
data are contained in Table 3. 

(2) Astrophysical Information. 

(a) Primary Cosmic Radiation—With a_ special 
gamma ray telescope, developed by Dr. R. Danielson and 
Prof. E. P. Ney, of the University of Minnesota, some 
measurements were made to determine whether or not 
the primary gamma, which is a portion of the total pri- 
mary cosmic radiation, is generated by the sun. Anal- 
ysis of the data, which were recorded on film, is in- 
complete but their preliminary study indicates that the 
particular radiation investigated does not originate with 
the sun. When their evaluation is completed, the 
technique and result will be appropriately reported by 
them. 

(b) Lunar Observation—Although not precisely as- 
trophysical it was an extraterrestrial observation. Be- 
tween 0930 CST and local noon the authors looked at 
the moon a number of times. No attempt was made 
to use telescopes provided by the Naval Observatory. 

The moon appeared stark, unreal. It also appeared 
larger, brighter, and sharper (no shimmer) than when 
viewed from the ground. Although the elevation angle 
of the moon was not high during the times observed, the 


TABLE 4 
Sky Brightness Measurements With Luckiesh—Taylor Brightness 
Meter. Altitude 85,400 Ft. (MSL). 1100 CST Sun Position, 
Azimuth—165°, Elevation Angle—36° 


Time Azimuth Angle Zenith Angle Brightness* 
(CST) ( Degrees) (Degrees) (Foot Lamberts) 
1115 255 9go** 56 
1120 270 70 40 
1124 285 55 23 
1127 315 40 18 


* Because of disagreement between preflight and postflight 
instrument calibration, these absolute values may be in error by 
a factor of 2 but are correct with relation to each other. 

** Approximately 5° above horizon. 


TABLE 5 
Illumination Observations, With Weston II Exposure Meter 


Illumination 


Time Azimuth Angle Zenith Angle (Scale Units 


(CST) (Degrees) (Degrees) 0-1 ,600) 
700 
All 000 35 75 
these 135 35 Off Scale( High) 
obs. 215 35 100 
were 160 45 Off Scale( High) 
made 000 90* 400 
between 350 120 1000 
0955 050 157 1200 
and 160 157 1600 
1010. 270 157 800 


* 5° above horizon. 
** Looking at balloon through top port. 
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contrast between it and the deep blue-black sky back- 
ground was enhanced so it appeared almost black im- 


mediately surrounding the moon. It also gave the 
impression of being coldly beautiful, somewhat awe- 
some, not at all an inviting place for the exploration by 
some future space crew. 

(c) Planned Observations Not Made—In collaboration 
with Dr. John Hall and A. H. Mikesell of the Naval Ob- 
servatory it was planned to dark adapt and make ob- 
servations of the atmospheric effect on ‘‘seeing.”” For 
this purpose the Naval Observatory had provided tele- 
scopes with eyepieces allowing variable magnification. 
The objective required seeing the stars in daytime with 
various degrees of magnification and at different zenith 
angles. Whe. the flight plan directed attention to dark 
adapting, it was past the scheduled time to initiate a 
descent. Thus, regretfully, it was necessary to return 
to the schedule s» stellar observational plans were 
abandoned and valving commenced, 40 min. late, to 
start down. The decision was wise as the landing was 
made within minutes of local sunset. 

Sputnik I was in its orbit while Strato-Lab High #2 
was aloft. In the days immediately prior to the flight 
an attempt was made to meet the exploratory challenge 
presented by man’s first artificial earth satellite. It 
was rather obvious that any observation of the satel- 
lite, if indeed any was feasible, from the balloon plat- 
form would have to be simple. Photography was the 
most reasonable possibility. For this purpose W. 
Garrett, of the National Geographic Society, sent a 
special camera, lens, tripod, and film for use if there was 
an opportunity. Unfortunately there was not. 


Stability Assessment 


The general stability was observed with a compass, 
bubble type levels, and movement of a spot of sunlight 
on the instrument panel. 

(1) Compass Indication—Although the compass was 
not included in the time-lapse series of documentary 
photographs taken, its change was observed during the 
time at altitude. Total angular rotation of the gondola 
was about 70° in one direction, then a partial return. 
The log indicates arrival at floating altitude at 0917 
CST with a heading of 330°. At 0930 CST the com- 
pass read 340° with no apparent change in this heading 
for 25 min. At 0955 CST the gondola started a slow 
clockwise rotation and by 1030 CST the heading was 
040°. It then started a slow rotation in the opposite 
direction. No further log records were kept on the 
compass reading but it was noted that the gondola head- 
ing was always between 330° and 040° during the float- 
ing period (0917 CST to 1210 CST). Despite the lack 
of quantitative records for these measurements the 35° 
amplitude of the rotation appears to have been less 
than, but essentially consistent with, that of Explorer 
II, which was reported by Brombacher and Trent* as 
varying from 20 to 90° while at altitude. 

(2) Bubble Level Readings—Two pairs of levels were 
arranged in 90° planes on the instrument panel to pro- 


TABLE 6 
Rotation and Tilt of Gondola from Analysis of Sun Spot Move- 
ment on Instrument Panel 


Azimuth 
Change of Actual 
Sun Spot Azimuth Rotation Rate of Tilt 
from Ref. Change of of Rotation Rate 
Time Point Sun Gondola (Deg./ Gondola (Deg./ 
(CST) (Deg.) (Deg.) (Deg.) min.) Tilt min.) 
2.3 0.27 
1044 5.09 0.5 4.59 eric 0.54 ar 
3.48 0.18 
1046 12.55 1.0 11.55 0.89 
1.92 0 
1048 16.90 1.8 15.40 0.89 
3.51 0.27 
1050 10.38 2.0 8.38 ae 0.36 om 
2.67 0245 
1052 —0.54 2.5 3.04 —0.54 


vide a quantitative indication of angular change in the 
vertical axis (tilt) of the system. The levels were ob- 
served several times during the flight; however no rec- 
ords were kept because of the time-lapse photo record. 
The film quality, however, was not adequate to note 
bubble movements. The casual observations during 
the flight, therefore, are the only results from these 
rather crude, but adequate, indicators. 

It appeared that vertical tilt was less than 1° at al- 
titude except for one brief period. During the latter 
one of us deliberately ‘‘rocked the boat’’ with several 
rapid body motions from side to side. An immediately 
perceptible gondola motion resulted but it (apparently) 
damped out in a few minutes. 

(3) Sun Spot Photographs—All time-lapse instrument 
panel photographs were examined to measure rotation 
and tilt of the gondola from the motion of the spot of 
reflected sunlight which appeared on the panel. 

The spot was only observable during a portion of this 
period. Excursions of the authors back and forth across 
the gondola blocked out the instrument panel in some 
of the photographs which further reduced the number 
available for postflight analysis. Nevertheless, a rep- 
resentative sample met the conditions desired and were 
analyzed. The gondola motions indicated by the 
movement of the spot of sunlight are not truly repre- 
sentative of ‘‘quiet’’ conditions since human movements 
are undoubtedly important factors and the crew moved 
around freely. Thus, the results in Table 6 may appear 
pessimistic but must be interpreted as extremely con- 
servative indications of the stability. Despite this, 
the 10 min. segment analyzed indicates stability which 
is fully compatible with the need of Professor Strong for 
his telescope-spectrograph. 


PLANS FOR THE FUTURE 


Most exciting, perhaps, are those experiments which 
will employ the manned plastic balloon vehicle and its 
demonstrated stability as a laboratory for definitive 
astrophysical measurements. The system now under 
development by Prof. John Strong will allow the first 
significant evaluation of this high-altitude capability 
from a manned plastic balloon. His system—which 
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employs a Schmidt telescope with 16-in. primary mir- 
ror, a special spectrograph, and an automatic tracking 
device—will be manually oriented from the gondola toa 
position where it will ‘lock on.’’ During subsequent 
exposures of an hour or more Dr. Strong or his flight 
representative will manually ‘‘trim’’ the image with a 
clever monocentric mirror system. 

It is planned to begin this fascinating new explora- 
tion when Mars again approaches the earth in Novem- 
ber of this year with two Strato-Lab night flights. 
During one, it is hoped to make measurements of water 
vapor in the Martian atmosphere; during the other, a 
determination will be made of the oxygen content. It 
is also hoped to acquire solar information during the 
daytime portions of the flights. 

If the Strong experiments are as revealing as expected, 
an entire new vista will be opened for further astro- 
physical research from the manned plastic balloon ob- 
servatory. 

In the area of human factors studies related to men 
in space, it is recognized that weightlessness is merely 
one factor which cannot be simulated with a strato- 
spheric balloon gondola. Most factors, however, can 
be. Extended duration flights, therefore, are being 
considered with crews of varying numbers. These 
would allow evaluation, in a real situation, of special 
artificial environments designed and ground tested for 
future manned satellites. 

The radiobiological effects of cosmic radiation will be 
another hazard encountered by future astronauts. In 
view of Schaefer’s indications that altitudes of 132,000 
ft. are necessary to study the problem properly, a se- 
vere problem is presented for a manned balloon system 
to assist. The capability does not exist today, and it 
is likely near the practical limit of a manned balloon 
system. Recent unmanned Skyhook flights to alti- 
tudes as high as 138,000 ft. (and one remarkable flight 
to 145,000 ft.) give promise, however, to approaching 
the goal of 132,000 ft. in the future. 


CONCLUSION 


The manned balloon laboratory concept can be an 
important stepping stone, or ‘‘bridge’’ as first suggested 
by Moore,*! to manned earth satellites and space ships. 
Certainly it is not a space vehicle. There are a number 
of dissimilarities. The phenomenon of weightlessness 
is merely one. But, in many important aspects related 
to the occupants, a sealed cabin suspended from a stra- 
tospheric balloon is remarkably comparable to future 
sealed cabins in orbital vehicles. The flights and tests 
conducted to date can be extended to answer knotty 
problems facing the scientists and engineers who will 
design and build true space cabins in the not-too-dis- 
tant future. 

Exploration of the space environment can also be 
conducted from the manned balloon vehicle, floating 
above most of the earth’s atmosphere, with an appro- 
priate sealed cabin observatory from which astronomers 
and astrophysicists can search the realm of space. The 
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rewards from these investigations should be tremen- 
dously important. 

Scientists and engineers are urged to give serious 
thought to future information needs and consider 
manned balloons as tools to supply the answers. 
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ae THE NEED for spare parts 
has existed since the birth of manufacturing, the term 
“spare” has achieved truly gold-plated significance in 
this the Electronics Revolution. 

The evolution of weapons systems, which may 
virtually eliminate man from any direct participation in 
aerial warfare, has projected the term ‘“‘reliability”’ into 
irrefutable view. These systems, in order to justify 
their high cost, must function automatically with speed 
and accuracy far in excess of man’s capabilities, as 
extended by mechanical devices. In addition, equip- 
ment must be sufficiently reliable to perform success- 
fully during long periods of operation. A single failure, 
no matter how small, cannot be compensated for by man 
during the operating cycle. This could spell the end 
to a disastrous mission. 

The reliability of any piece of equipment is propor- 
tional to the application of four fundamentals: (1) 
design, (2) material, (3) production quality control, and 
(4) maintenance quality control. The degree of appli- 
cation of each of these fundamentals has direct in- 
fluence on spares requirements, yet spares programs 
frequently meet with resistance simply because their 
far-reaching. effects are not normally understood by 
engineering and manufacturing people until it is too 
late to aid the program. 

It is generally known that approximately two- 
thirds of the failures experienced by electromechanical 
equipment are directly attributable to the electronic 
components within that equipment. Many of these 
failures are precipitated by standard commercial parts 
because of their inherent limitations. Equipment 
failures, however, are laid upon the prime contractor's 
door step. It follows, then, that spares requirements 
must be kept at a minimum or manufacturers may 
suffer the consequences in cancelled contracts and 
tarnished reputations. However, the most obvious, 
the simplest, and probably the most acceptable method 
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** Spares programs frequently meet with resistance simply because their 
far-reaching effects are not normally understood by engineering and 
manufacturing people until it is too late to aid the program.” 
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of lowering spares requirements is via increased reli- 
ability. Under-support may cause a catastrophe; 
over-support is merely expensive. It goes back to the 
old story, ‘‘For want of a nail ....”” A recent illustra- 
tion of this was the grounding of an $8,000,000 bomber 
because of failure in a small repairable subassembly. for 
which a replacement part was not available. 


CONCURRENCY 


The first and possibly the most significant step which 
any company can take upon receipt of a government 
contract is to assemble the “big four’ (Engineering, 
Manufacturing, Contracts and Spares Groups) to recite 
their marriage vows. A kissing cousin relationship 
between these departments is not good enough and may 
jeopardize the spares program. 

The most important support requirement, which can 
only be accomplished by joint effort, is the concurrent 
delivery of spares with the end item or system. This is 
mandatory to provide adequate spare quantities at any 
point in time. In order to achieve concurrent delivery, 
it is necessary to establish (1) planning—resulting in 
realistic manufacturing and delivery schedules: (2) 
engineering which is timely in execution and feasible in 
application for both manufacturing and spares exi- 
gencies; (3) manufacturing processes which, even when 
altered, do not throw the spares program out of phase; 
and (4) a paper mill which is sufficiently streamlined to 
prevent a shipping or manufacturing bottle-neck. 

All of these, when properly established, mean tre- 
mendous cost savings, not the least of which is a reduc- 
tion in the ratio of spares dollars to equipment dollars. 
Obscure as it may seem, reliability will be enhanced be- 
cause of a tight big four relationship. An illustration of 
poor coordination between spares and manufacturing is 
the following: Manufacturing, having completed the 
production phase and unaware of spares requirements, 
detools and cleans up in preparation for another project. 
At this time a spares order is received, necessitating re- 
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tooling and building of a new production line. Not 
only is needless cost entailed, but the spares program 
is thrown completely out of concurrency, a situation 
which may never be rectified during the entire span of a 
contract. 


CONTRACTS 


Generally, there are three types of contracts which 
are administered successively in this order: (1) research 
and development, (2) technical training, and (3) pro- 
duction. Normally, only training and production pro- 
grams require spares support, since research and de- 
velopment concerns the evolution of various conceivable 
prototypes under government auspices. 

Although a company may be working under a 
production contract, very important research and 
development and training programs may also be in- 
cluded under separate items of the contract. Con- 
current research and development programs for 
guided missiles, for instance, supply failure informa- 
tion through telemetry while missiles are in flight. 
Appropriate design improvements may then be ex- 
peditiously incorporated in production missiles. 

Training, of course, must be perpetually conducted 
because of the current high turnover rate among service 
maintenance personnel and because of the inevitable 
newness of the equipment brought about by engineer- 
ing changes. 


COST AND PROFIT 


In consideration of costs, the ratio of spares dollars to 
equipment dollars may vary from 5 per cent to more 
than 100 per cent. The reasons for this include: (1) 
variations in the quantities of systems to be supported 
(programs involving small quantities of systems must 
still receive a certain minimum of support; in some cases, 
support figures indicate that less than one each of a 
given part would be required. but these would have to 
be rounded off to one, thus raising the percentage); 
(2) variations in support periods (some programs have a 
duration of 6 months, other may run 5 years); (3) types 
of equipment supported (guided missiles require less 
support than airframes which require less support than 
fire control systems); (4) the frequency of operation 
(fire control systems and airframes may operate every 
day; missiles are expendable items receiving sim- 
ulated operation and periodic checks only prior te firing) ; 
(5) the type of operation (including training and com- 
bat under various environmental influences); and (6) 
whether a basic follow-on contract is supported (where 
design improvements have reduced attrition). 

More specifically, training programs almost in- 
variably require spares in excess of 100 per cent of 
equipment costs. Every-day operation of equipment 
over an extended period of time by personnel under- 
going training is bound to require great quantities of 
spares. These training items are likely to be used for 
years, until they virtually fall apart. 

Basic production contracts for guided missiles should 
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require spares equivalent to 15 per cent or 20 per cent 


of equipment costs. However, production follow-on 
contracts, incorporating design improvements, may 
show a decrease to as little as 5 per cent for spares, 
On the other hand, simple fire control systems initially 
require about 40 per cent for spares while complex 
systems reach 80 per cent. These percentages also 
diminish for follow-on contracts. 

Being largely structural. aircraft require a small per. 
centage of spares during the early stages of support. 
However, over a period of 5 or 10 years, spares costs 
may exceed the aircraft cost many times over. An. 
other consideration, which is simple and logical—as the 
design is improved and production increased, costs will 
drop substantially, even though the ratio of spares to 
equipment dollars may remain unchanged. 

Profits from Government contracts negotiated under 
the Vinson-Trammell Act or the Renegotiation Act of 
1951 vary with the configuration of the equipment, the 
stage of its development, and with the type of contract 
(CPFF, FP. FPI etc.). 


LEAD TIME 


Production lead time is a mandatory consideration for 
the assurance of concurrent delivery of spares with the 
equipment to be supported. Lead time requirements 
vary considerably from company to company, depend- 
ing upon the size of the company, type of equipment 
produced, quantities of the equipment required for 
initial delivery, and the efficiency of the manufacturing 
facility. Actual lead time requirements could vary 
from a minimum of 2 months to a maximum of 2 years. 
This means that spares recommendations must be 
submitted to the customer and subsequently approved, 
in many instances, prior to the issuance of firm produc- 
tion engineering. These recommendations are then 
subjected to a great deal of manipulation as engineering 
nears the production stage. Lead time requirements 
should experience a continual drop as the program 
progresses and production lines reach full capacity. 


VENDOR EQUIPMENT 


Government procurement agencies for the armed 
forces require provisioning documents and _ technical 
data for repairable vendor equipment. Under these 
circumstances it is necessary for the prime contractor 
to coordinate with the appropriate vendors expedi- 
tiously, in order to provide spares recommendations 
in time for the provisioning conference. 

Many vendors, particularly the small specialty 
manufacturers, have never produced articles for govern- 
ment use, or at least have not been approached regard- 
ing aspares program. Asaresult, the prime contractor 
must instruct vendor personnel in the preparation of 
provisioning documents required by federal specifica- 
tions covering prime contracts. 

Frequently, personnel, equipment, and space limita- 
tions prevent the vendor from preparing these docu- 
ments. The alternative is that the prime contractor 
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must obtain all the requisite technical data and pre- 
pare the documents at the home facility. 

Unique design or construction may remove a vendor 
assembly from government depot repairability. This is 
generally undesirable because shipping distance and re- 
pair time increase markedly. In addition, the vendor 
must set up facilities and divert or hire personnel for the 
sole purpose of repairing defective equipment. 

The vendor’s ability to adjust to the requirements of a 
spares program will not only affect his profits from 
spares sales but also will enhance his “bidding”’ posi- 
tion. 


HIGH VALUE ITEMS 


“High value items” are designated during customer 
contractor negotiations when the ratio of part to equip- 
ment cost is high or when the failure tendency of 
a part is high enough to warrant a large support 
quantity (also causing high cost). Certain high cost 
items may not be designated high value because their 
attrition is very low. By the same token, most high 
attrition items are not designated high value because 
their individual cost is low. The result is that a com- 
pact list of high value items is available for accounting 
purposes to control what amounts to approximately 5 
per cent of the spares quantity-wise but 75 per cent of 
the spares cost-wise. High value parts are also serial- 
ized to aid cost control. 


FIELD OR DEPOT 


Field and depot requirements vary substantially with 
the type of equipment supported. Fire control systems, 
for example, are for the most part field repairable; 
guided missiles, on the other hand, may only receive 
unit replacement in the field, while the bulk of mainte- 
nance is performed inthe depot. (Unit is defined as any 
major assembly used in a piece of equipment, having a 
unique function but working in conjunction with other 
such assemblies.) This is true because at the present 
stage of development missile designs are still tricky. 
Also, the obtuse conditions of atmosphere, acceleration, 
and vibration during flight require many assemblies to 
be sealed and evacuated to perform adequately. Asa 
consequence, special tools and equipment and complex 
repair techniques are necessary, eliminating field main- 
tenance as a possibility. Still, as empirical data is 
accumulated and design requirements are relaxed, an 
increasing variety of maintenance operations will be 
performed in the field. The ultimate goal, of course, is 
to make all equipment completely repairable in the 
field. 

Field engineers are key figures in the spares picture. 
Not only do they keep government maintenance per- 
sonnel abreast of repair techniques as designs change, 
but they have first-hand information concerning the 
kinds and frequencies of failures under normal operating 
conditions, which is submitted to the contractor in the 
form of unsatisfactory reports, or in conjunction with 
them. They also establish the requirements for special 


tools as determined during field maintenance and to a 
high degree control the varieties of field repair per- 
formed. 


MAINTENANCE TURN-AROUND-TIME 


Turn-around-time is the period required to transport 
a defective unit to the depot, perform the necessary re- 
pairs, and return it to squadron use (field). Turn- 
around-time is a grave factor in spares costs because 
small variations in turn-around-time cause large varia- 
tions in cost. Spare units are stored in small quantities 
at the squadron level, while the bulk of them are placed 
in pools at the storage facility. This arrangement satis- 
fies emergency situations where a given squadron, be- 
cause of abnormal attrition, runs out of replacement 
units. The pool may then furnish necessary replace- 
ment units much more expeditiously than the process 
of querying individual squadrons and establishing ship- 
ment would allow. 

When a unit becomes defective, the using squadron 
simply telegraphs for a new one, which is shipped at the 
same time that the defective unit is returned to the 
depot. This eliminates delay during the repair cycle. 
The depot repairs the unit, which is enhanced by re- 
placement of the defective subassembly (or rotatable 
spare), if applicable, rather than attempting to repair 
the subassembly on the spot. The unit is then returned 
to the pool and depot personnel are able to repair the 
defective subassembly at their convenience. 


SHELF LIFE 


Sheif life is an important consideration to the recom- 
mendation of spares quantities. Rubber goods and 
plastics, particularly, are affected by the environmental 
conditions of storage, which may be more injurious 
than continued use. The result of this is that at inter- 
vals determined by shelf life investigations, assemblies 
which have been in storage in excess of the established 
period will be overhauled and all items attritionable 
through shelf life, replaced. Unfortunately, the shelf 
life of a particular material may be long when used in 
one assembly and short when used in another. If these 
parts operate under fluids, their life expectancy will vary 
with the deteriorative effects of the fluids. Conse- 
quently, spare unit recommendations must be increased 
to provide replacements for units returned for shelf 
life overhaul, over and above those necessary for normal 
repair. Also, spares quantities must be increased ac- 
cordingly for small bit and piece parts replaced during 
shelf life overhaul. 


RECOMMENDING SPARES 


The recommendation of spares entails consideration 
of what seems to be an infinite number of variables. 
Naturally, it is impossible to detect every factor, just as 
it is impractical to apply many known factors. Even 
so, derivation of spare quantities which will prove to be 
very close to actual requirements may be expected, 
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providing the following considerations are made: (1) 
the failure factor of the part; (2) the number of antici- 
pated failures of the using unit; (3) usage of the part 
within the unit; (4) length of the support period; (5) 
kind of equipment supported; (6) the amount and kind 
of usage to which the equipment will be subjected; (7) 
shelf life requirements; (8) turn-around-time; (9) the 
number of end items or systems to be supported; and 
(10) the maintenance level of the part (field, depot or 
vendor). 

It may be difficult to recommend accurate spares 
quantities during initial contracts for equipment which 
is either completely new in concept or at least new to 
the company producing it. There is little ‘‘feel’’ for fail- 
ure tendencies and no empirical data to substantiate rec- 
ommendations. However, when a program progresses 
to the point where accurate consumption reports 
are submitted by repair facilities, the process of 
recommending spares is simplified. Instead of basing 
recommendations on anticipated failures, it is then 
possible to utilize actual failures. 


PROVISIONING 


Preprovisioning and provisioning conferences between 
contractor and customer put the spares program ‘‘on 
the road.’’ Preprovisioning conferences serve to estab- 
lish provisioning procedures, documentation require- 
ments, support periods, design change notification 
methods, field and depot requirements, etc. 


At the time of the provisioning conference, the con. 
tractor must submit recommended quantities for parts 
which he considers good spares. The customer, having 
previously received provisioning documents indicating 
recommended spares, must inventory his bin levels for 
all applicable commercial standard and contractor 
peculiar parts purchased under other contracts. The 
custeiner and contractor review the provisioning docv. 
ment to confirm or alter the status of all parts with 
respect to provisionability. 

The minutes of the conference reflect all agreements 
made and discrepancies to be corrected. Before leay. 
ing, the customer normally submits a ‘“‘buy”’ to the con. 
tractor for all parts considered good spares. This buy 
should closely follow the recommendations made by the 
contractor, if all has gone well. The buy is then fully 
documented as a spare-parts list. 


Engineering changes, made to the equipment after 
the buy, are submitted for customer approval under 
the previously agreed upon design change notification 
method. Spares quantities for old parts are prorated 
with those for new parts as engineering changes are re. 
leased. 

The customer continually reviews his requirements, 
which are augmented by consumption reports indicating 
actual attrition and may alter procurement for certain 
parts to bring the support quantities in line with these 
reports. These changes are routine throughout docw- 
mentation of the spares program. 


Manned Balloons in the Exploration of Space (Continued from page 52) 
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... current literature of aeronautical engineering and space technology 


Tuts SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
stracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


A list of the principal periodicals re- 
ceived in the IAS Library is published 
annually in the January issue. 


The AERO/Space ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 
InpEx published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 
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Publications reviewed in this sec- 
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for use by the [AS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

Lenpinc Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
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2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 


Puotocopy Services: The Li- 
brary is equipped to provide, as a 
service, positive photocopies of 
certain materials in its collections. 
Rates on request. 


For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
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Acoustics, Sound, Noise 


Neposredstvennoe Nabliudenie Iskazheniia 
Formy Intensivnykh Ul’trazvukovykh Voln v 
rg V. A. Burov and V. A. Krasil’nikov 

SSSR Dokl., Feb. 11, 1958, pp. 920-923 
in Russian. Presentation of direct observations 
of the distortion of intense supersonic waves in a 
liquid. 


Investigation of a Jet Muffler Model. A. J 
Campbell. Can. Aero. J., May, 1958, pp. 165 
168. Description of experiments carried out on a 
jet muffler for aerodynamic and accoustic per- 
formance. 


Near Noise. M. O. W. Wolfe. 
(NATO AGARD 5th Structures & Materials 
Panel, Copenhagen, Apr. 29-May 3, 1957.) 
NATO AGARD Rep. 112, Apr.-May, 1957. 41 
pp. 


Aerodynamics, Fluid Mechanics 


Aerothermodynamics 


Space Vehicles as Thermodynamic Systems. 
A. E. Weller, Jr., and F. L. Bagby, Jr. Battelle 
Tech. Rev., May, 1958, pp. 3-8. Discussion 
covering space vehicles and their thermody namic 
characteristics in relation to the environment. 
Emphasis is placed on the need for extensive re- 
finement of analytical engineering techniques, 
and for accumulation of additional engineering 
data to permit rapid, precise solution of thermo- 
dynamic problems. 


Boundary Layer 


The Injection of Air Into the Dissociated Hy- 
personic Laminar Boundary Layer. S. M. Scala 
J. Aero/Space Sci., July, 1958, pp. 461, 462 
Solutions of the stagnation-point boundary layer 
equations for variable Prandtl and Lewis Num- 
bers by means of an IBM 704 digital computer for 
two limiting chemical constraints—‘‘frozen’’ flow 
over a completely catalytic wall, and ‘‘local equi- 
librium’’ flow. 


On Certain Similar Solutions to Unsteady 
Laminar Boundary-Layer Equations in Low-Speed 
Flow. Kwang-tzu Yang. J. Aero/Space Sci 
July, 1958, pp. 471, 472. Analysis of boundary- 
layer solutions for the case of axially symmetric 
flow when the properties are variable and the wall 
is porous. 


Fans 


Guide to Fan Selection. 
1958, pp. 92-95. 


Flow of Fluids 


Prod. Eng., Apr. 28 


Note on a Solution of the Telegraphist’s Equa- 
tion Applicable to Supersonic Shear Flow. H. 
Elrod, Jr. J. Math. & Phys., Apr., 1958, pp 


66-68. Solution to an equation evolved by 
Chang and Werner, using Laplace transforms. 


Despre Similitudinea Dintre Curentii cu Nivel 
Liber gi Curentii Sub Presiune. M. ~erer and 
S. Hincu. Stud. Cerc. Mec. Aplic., No. 4, 1957, 
pp. 1,011-1,037. In Rumanian, with summaries 
in French and Russian. Derivation of similitude 
criteria for free-surface flows and flows under pres- 
sure, and description of their application to the 
study of air streams. 


Inviscid Hypersonic Flow Near the Stagnation 
Point of Oblate Ellipsoidal Noses. Marcel Vino- 
kur. J. Aero/Space Sci., July, 1958, pp. 469, 
470. Analysis based on Lighthill's solution for a 
spherical nose. The shape of the shock wave is 
assumed, and the incompressible, rotational-flow 
equations are expressed in spherical coordinates. 

Investigation of the Fluctuating Pressures on a 
Circular Cylinder in an Airstream. D. M. Mc- 
Gregor and B. Etkin. (UTIA TN 14, June, 
ad Phys. Fluids, Mar.-Apr., 1958, pp. 162 


a Vertical Plate with Large Suc- 
tion. J. oote. J. Aero/Space Sci., July, 
1958, pp. 462, ve Application of a perturbation 
technique to the solution of the flow problem for 
an arbitrarily large suction parameter go. 

O Ploskoi Zadache Rastekaniia Burnogo Potoka 
Neszhimaemoi Zhidkosti. I. A. erenkov 
AN SSSR Otd. Tekh. Nauk Izv., Jan., 1958, pp 
72-78. In Russian. Tentative solution of the 
two-dimensional problem covering the turbulent 
flow of an incompressible fluid. 


Erozii. K.K. Shal’ R Otd. Tekh 
Nauk Izv., Jan., 1958, . §2- a 24 refs. In 
Russian. Study of heilceeenttheepioal aspects of 
cavitation erosion with results covering the in- 
fluence of the cavitation-area dimensions, phases 
of the cavitation evolution, flow velocity, and 
Reynolds Number on the erosion intensity. 

Temperaturnoe Pole v Oblasti Kavita- 
tsii. I.G. Portnov. AN SSSR Otd. Tekh. Nauk 
Isv., Jan., 1958, pp. 63-71. 10 refs. In Russian 
Study of the temperature field in the region of in- 
terrupted cavitation. Incliides*‘ derivation of 
basic equations for the case of cavitation bubbles, 
the problem of periodicity, and temperature in- 
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tensity along the solid wall in the cavitation re- 
gion. 

I—Hope for Space. 
J. S. Butz, Jr. Av. Week, May 12, PrO58. pp. 48- 
50. Discussion of the physical bases of magneto- 
hydrodynamic sciences, their possible applica- 
tion to space vehicles, and details on research work 
being done in the field. 


Magnetohydrodynamics. II Controlled ~~ 
sion Studies Open Space Engine Field. J. S 
Butz, Jr. Av. Week, May 19, 1958, pp. 50, 51, 
53, 55, 57. Discussion on fusion-powered rocket 
engines. Clauser’s combustion chamber, the 
Avco magnetic accelerator, and the Stuhlinger ion 
engine are described. 


Motion of Magnetic Lines of Force. W. A. 
Newcomb. Ann. Phys., Apr., 1958, pp. 347-385. 
Investigation of the general relationship between 
the motions of the lines of force and of the parti- 
cles. Necessary and sufficient conditions for 
flux- and line- preservation are derived. The geo- 
metrical concept of the commutator product of 
two vector fields is defined. 


Turbulence Measurement in Electrically Con- 
ducting Fluids. Salamon Eskinazi. Phys. 
Fluids, Mar.-Apr., 1958, pp. 161, 162. Extension 
of the Werner method to the measurement of 
mean and turbulent velocities in an electrically 
conducting fluid. 


Flows in Partly Dissociated Gases. 
Heil. J. Aero/Space Sci., July, 1958, pp. 459, 
460. 12 refs. Presentation of equations for the 
case of a partly dissociated diatomic gas, in which 
the influence of diffusion and the transition to the 
corresponding equations for the equilibrium is 
easily recognizable. 


Surface Combustion in Dissociated Air. S. 
M. Scala. Jet Propulsion, May, 1958, pp. 340, 
341. Consideration of two theoretical models for 
the combustion of graphite to determine the com- 
bustion rate of a material immersed in a stream 
of dissociated air. 


Ob Asimptoticheskikh Svoistvakh Avtomodel’- 
nykh Reshenii Uravnenii Nestatsionarnoi Fil’- 
tratsii Gaza. Ia. B. Zel'dovich and G. I. Baren- 
blatt. AN SSSR Dokl., Feb. 1, 1958, pp. 671- 
674. In Russian. Study of the asymptotic 
properties of solutions for the equations of un- 
Steady gas motion through porous media. 


O Neustanovivsheisia Fil’tratsii v Polosoobraz- 
nom Plaste k Priamolineinoi Tsepochke Sover- 
shennykh Skvazhin. S. N. Numerov. 
SSSR Otd. Tekh. Nauk Izv., Jan., 1958, pp. 79-85. 
In Russian. Evaluation of a class of solutions for 
Fourier equations corresponding to the basic cases 
of unsteady filtration in a strip layer to the recti- 
linear chain of ideal slits. 


Note on a Source in a Rotating Fluid. J. 
Walton. Quart. J. Mech. & Appl. Math., May, 
1958, pp. 208-211. Analysis on the effect of in- 
troducing an irrotational source into a rotating 
fluid. The relation between the maximum flow 
rate which the source achieves and the speed of a 
long wave on the surface dividing two regimes of 
flow is shown. A numerical solution is found for 
the shape of this dividing surface by means of 
relaxation methods. 


On the Brightness of Strong Shock Waves in 
Air. Appendix—The Role of Electronic Heat 
Conductivity in the Establishment of the T 
perature Profile in the Heating Zone. 

Raizer. (Zhurnal Teoret. i Exper. Fiz., 

1957, p. 101.) Sov. Phys.-JETP, Jan., 

77-84. 13 refs. Translation. Study of the 
emission and absorption of light at high tempera- 
ture in a shock wave front in air. The relation- 
ship between the coefficient of absorption of visible 
light and the mean over the spectrum for bright- 
ness calculation is considered. 


On the Numerical Solution of the Equations tor 
Spherical Waves of Finite Amplitude. I. P. Fox 
and A. Ralston. J. Math. & Phys., Jan., 1958, 
pp. 313-328. ONR-sponsored analysis of the 
method used to determine the flow resulting when 
a compressed sphere of air, initially at rest in the 
atmosphere, is suddenly released. Unwin’s treat 
ment of the problem is evaluated. 


On the Numerical Solution of the Equations 
for Spherical Waves of Finite Amplitude. II. 
Leonard Roberts. J. Math. & Phys., Jan., 1958, 
pp. 329-337. ONR-sponsored method determin- 
ing the free expansion of a sphere of compressed 
gas, having a maximum initial compression ratio 
at the center, into the atmosphere. The im- 
provement of numerical results by a simple ex- 
trapolation procedure is shown. 


Calculation of Shock Hugoniots and Related 
Quantities for Nitrogen and Oxygen. R. A. 
Alpher and H. D. Greyber. Phys. Fluids, Mar.- 
Apr., 1958, pp. 160, 161. 

Sil’nyi Vzryv v Srede s Gradientom Plotnosti. 
E. |. Andriankin. AN SSSR Otd. Tekh. Nauk 
Isv., Feb., 1958, pp. 123-125. In Russian. Study 
of the problem covering (a) a strong detonation in 
media with density gradient and (b) calculation o 
the resulting shock waves and their propagation. 

O Sil’nom Tochechnom Vzryve v Szhimaemoi 

N. N. Kochina and N. S. Mel’nikova. 

Mat. i Mekh., Jan.-Feb., 1958, pp. 3-15. 

In te i Derivation of a solution for pro- 

gressive problems of a point-detonation for three 

types of equations of state in the case of ideal 
compressible media. 
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Incompressible aaa ot a Shear Flow wit, 
Fluid at Rest. L. G. Napolitano. (Polytech 
Inst. Bkiyn., Dept. Aero. Eng. & Appl. : 
PIBAL Rep. 318, Nov., 1957.) J. Aero Spa 
Sci., July, 1958, pp. 444-450. 16 refs. 
supported investigation. 


The Mean Velocity of tly Buo 
Heavy Particles in Turbulent Flow ina ; 
M. Binnie and O. M. Phillips. J. Fluid. Mech 
May, 1958, pp. 87-96. Development of a th 
showing how the mean velocity of spheres depend 
upon their relative density and size. Expem 
ments are described and test results given. 


Internal Flow 


Calculation of Axisymmetric Isentropic 
Surfaces. E. C. J. Aero/Space Seq 
July, 1958, pp. 463, 464. Description of a metho 
for constructing an axisymmetric spike surfagm 
which will force the Mach lines in the characterigy 
tic region to coalesce at a specified point in such@ 
way that the flow will be isentropic throughoum 


Metode Noi de Determinare a_Distributig 
Vitezelor in Miscarea Uniforma a Fluidelor Vig 
coase. Cr. Mateescu. Stud. Cerc. Mec. Apligm 
No. 4, 1957, pp. 991-1,009. 19 refs. In Rw 
manian, with summaries in French and Russiagl 
Survey of currently available techniques and ag 

plication of newly developed methods to the de 
of velocity distribution for the ung 
form motion of viscous fluids. 


A Simplified Universal Rule for Subcriticg 
Drag of a Supersonic Diffuser. Ch. L. Dailey 
J. Aero/Space Sci., July, 1958, pp. 470, 47% 
Application of Moeckel’s method to estimate the 
— drag rise for any inlet at any angle @ 
attac 


Experimental Data on Turbulent Wall Jets; 
Correlation of Existing Data. A. Sigalla. Aim 
craft Eng., May, 1958, pp. 131-134. 13 reff 
Summary of data on the wall jet to be used fa 
design purposes. Formulas and data are pre 
sented for determining decay of maximum velogam 
ity, rate of spread, shape of velocity distributiogl 
variation of temperature coefficient, shear stream 
distribution, heat transfer, and mass transfer. 


Flow Induced by Jets. Geoffrey Tayiom 
J. Aero/Space Sci., July, 1958, pp. 464, 468 
Investigation on the ‘inflow into conical forced 
jets and thermal jets. Eight different cases am 
treated. All but one are treated using the ide 
that, as far as this inflow is concerned, the bound 
ary of a jet may be considered as a surface ove 
which air is entrained at a rate proportional 
the velocity of the jet. The breadth and velocity 
of the jet at any height are determined througi 
the equations of continuity and momentum. 


Hydrodynamic Stability of Laminar Wakeq 
N. Curle. Phys. Fluids, Mar.-Apr., 1958, pm 
159, 160. 

Effect of High Altitude Conditions on Atomizas 
tion Phenomena. C.C. Miesse. Jet Propulsion 
May, 1958, pp. 335-337. 11 refs. 


Wings & Airfoils 


Aerodinamicheskie Kharakteristiki 
Klinovidnogo Profilia v Zvukovom Potoke. G 
N. Kopylov. Priki. Mat. t Mekh., Jan.-Feb, 
1958, pp. 133-138. In Russian. Calculation of 
aerodynamic characteristics of a thin tapered pre 
file in transonic flow. The pressure distribution 
is obtained as function of the angle of attack, and 
the limits of application of studied designs are im 
dicated. 


Prilozhenie Teorii Tonkogo Tela k Raschets 
Aerodinamicheskikh Kharakteristik Kryla Male 
Udlinneniia s Gondolami na Kontsakh. V. 
Keldysh. Priki. Mat. i Mekh., Jan.-Feb., 1058 
pp. 126-132. In Russian. Application ‘of the 
thin-body theory to the calculation of aerody: 
namic characteristics of small-span wings with tip 
tanks. 


Sur la Validité de la Méthode des Tranches 
Appliquée 4 une Aile Delta en Ecoulement Sub 
sonique. S. Chopin. La Recherche Aéronam 
tique, Jan.-Feb., 1958, pp. 58-60. In Frencll 
Evaluation of the ‘‘sectional’’ method applied tm 
delta wings in subsonic flow. 7 


Aeroelasticity 


Effects of a Time-Varying Test Environment oa 
the Evaluation of Dynamic Stability with Applica- 
tion to Flutter Testing. W.H. Reed, III. (JAS 
26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 822.) J. Aero/Space Sci., July, 
1958, pp. 435-443. 14 refs. 


Mesure de Coefficients Aérodynamiques In- 
stationnaires et Essais de Flottement sur Maquet- 
tes. Roland Dat. La Recherche Aéronautique, 
Jan.-Feb., 1958, pp. 45-56. In French. Survey 
of measurements of nonstationary aerodynamic 
coefficients and flutter tests on models. Includes 
evaluation of some analytical methods, and the 
order of magnitude and accuracy of results are 
considered. 


Bounds for the Principal Frequency of the Non- 
homogeneous Membrane and for the Generalized 
Dirichlet Integral. Binyamin Schwarz. Pacifi 
J. Math., Winter, 1957, pp. 1,653-1,676. 10 refs. 
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*Defensive systems— Military leaders 

cannot afford to wait until an enemy 

= oe eo strikes. Plans must be in being to meet 

swith any contingency .. . any type of attack. 

And the physical means of meeting this 

nent Su attack... vehicles, weapons and trained 
men... must be ready, too! 


th Applice: Search radar antenna mounts 24 hour guard at edge of Arctic 
orth Pole Circle... flashes immediate warning to defense centers 
Sci., July, 

niques In- 

hr Maquet- 


Fonaulique, Mo the North Pole. Such problems were anticipated by 
Sang t Army, Navy and Air Force planners years ago. Indus- 


Includes became their partner in finding a solution. Douglas, 


s. and \ #example, was asked to develop Nike in 1945, and has 
working on rockets since before Pearl Harbor—in 1941. 
f the Hien #SSame forethought is in action right now, perfecting the 


Pacific 


— of defense needed against tomorrow’s aggressors. 
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SYNCHROS FOR EVERY APPLICATION 


Kearfott offers the widest range of synchros in the industry. 
Ruggedly constructed of corrosion-resistant materials, they give 
unequalled performance under every environmental condition. 
For best characteristics and reliability, specify Kearfott for all 
your synchro requirements. Here are a few typical models: 


Size 8: .750” x 1.240”. 1.75 oz. —54C to +125C. 
Available as transmitter, control transformer, resolver, and 
differential. Max. error from EZ: 10, 7 and 5 minutes. 


Size 11 Standard: 1.062’x1.766”. 40z. —54C to +125C. 

Available as transmitter, control transformer, repeater, resolver 
and differential for 26v and 115v applications. Max. error from EZ: 
10,7 and 5 minutes standard, 3 minutes in 4-wire configurations. 


Size 11 MIL Type: Dimensions and applications same as above. 
Meets Bu. Ord. configurations: max. error from EZ: 7 minutes. 
Size 15 Precision Resolver (R587): 

With compensating network and transistorized booster 


amplifier, provides 1:1 transformation ratio, 0° phase shift. 
Max. error from EZ: 5 minutes. 


Size 25 Ultra-Precise: 2.478” x 3.187”. 450z. 
Available as transmitter, differential, and control transformer. 
Max. error from EZ: 20 seconds arc. 


Engineers: Kearfolt offers challenging opportunities 
in advanced component and system developments. 


PRECISION ® 


earfott 


ECORPORATION 


KEARFOTT COMPANY, INC., Little Falls, N. J. 
A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
SALES AND ENGINEERING OFFICES: 1378 MAIN AVE., CLIFTON, N.J. 


MIDWEST QFFICE: 23 W. CALENDAR AVE., LA GRANGE, ILL. 
SOUTH CENTRAL OFFICE: 6211 DENTON DRIVE, DALLAS, TEXAS 
WEST COAST OFFICE: 253 N. VINEDO AVENUE, PASADENA, CALIF. 
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Kolebaniia Sistemy, Soderzhashchei Rele 5 
Operezhaiushchei Kharakteristiko:.. I. B. Chel. 
panov. Priki. Mat. i Mekh., Jan.-Feb., 1958, Pp. 
50-66. In Russian. Study of the dynamic char. 
acteristics of a system with one degree of freedom 
and presentation of the differential equation de 
scribing its behavior. 


Aeronautics, General 


"" Special Issue: Directory of American Missiles 
and Aircraft. Western Av., Apr., 1958, pp. 5-46, 
Partial Contents: Military Aircraft. Missiles 
and Rockets. Commercial Aircraft. Aircraft 
Executive Personnel. 


The Future of Aeronautical Research. W. J, 
Duncan. Louis Blériot Lecture, Paris, 
Mar. 5, 1958.) RAeS J., May, 1958, pp. 35} 
362. Survey of the general aims of aeronautical} 
research. Such topics as propulsion, communica. 
tions, navigation, and ground installations are 
discussed. 


Air Transportation 


Special Issue: Airlines of the World. Flighi, 
Apr. 18, 1958, pp. 515-554. Partial Contents: 
The European Outlook, Stephen Wheatcroft. 
The Case for the Fare Differential, J. M. Ramsden, 
Equipment for Air Transport, A. T. Pugh. How 
Big is a Big Airline, John Seekings. World Air- 
line Directory. Airline Scheduled Traffic. 


Special Issue: 9th Annual Air Transport Prog: 
ress Issue. Am. Av., Apr. 21, 1958, pp. 35-387, 
42-77 (ff.). Partial Contents: Celebration of 
Wake. Jet Builders Jockey to Beat Timetable, 
F. S. Hunter. Cargo Nears Billion Ton-Miles, 
W.I. Longstreth. Transatlantic Passengers Top] 
Million in ’57, Eric Bramley. Jets Overshadow 
World Transport Scene, Anthony Vandyk. 
Traffic Up 12%. Ton-Miles 10% for French Car- 
riers, Jean-Marie Riche. Money Squeeze Clouds 
Jet Picture, Selig Altschul. Industrial Funding 
Reshapes MATS Management, Gerald Fitzgerald. 


Airline Planning for Jets. J. A. Stern. (CAI 
Mid-Season Meeting, Vancouver, Feb. 27, 1958.) 
Can. Aero. J., Apr., 1958, pp. 117-120. Summary 
of technical planning which includes discussion on 
the selection of aircraft, airport facilities, operat- 
ing procedures, and air traffic control. 


300 Days to Jet Time. C. M. Christenson. 
(IAS 26th Annual Meeting, New York, Jan. 27- 
30, 1958.) J. Aero/Space Sci., July, 1958, pp. 
52-55. Discussion of the human and organiza- 
tional requirements to be met before the introduc- 
tion of jet transports to scheduled air service. 


Why Airlines Are Hard to Please. B. S. Shen- 
stone. (13th Commonwealth Lecture, London, 
Mar. 27, 1958.) RAeS J., May, 1958, pp. 319 
335. Evaluation of the various problems en- 
countered by airlines. 


Airplanes 


The Griffith Airliner Explained; Comments on 

r. C. T. Hewson’s R.Ae.S. Lecture. I,II. J. 
H. Stevens. Flight, Apr. 25; May 2, 1958, pp. 
576; 595, 596. 


F-104 Intake Ducts Save Weight and Complex- 
ity. A.F. Watts. Av. Age, May, 1958, pp. 60- 
67. Discussion of a producibility study which con- 
sidered (a) cast magnesium, (b) honeycomb sand- 
wich, (c) integral stiffeners, and (d) fiberglas lam- 
ination. The production of the chosen integral 
type is discussed. 


D558-III Study Helped Pave Way for X-15. 
re oun. Av. Age, May, 1958, pp. 20, 21, 


Intake-Ducts; Design and Manufacturing 
Problems on the Lockheed F-104. A. F. Watts. 
Aircraft Prod., Apr., 1958, pp. 141-147. 


Air Conditioning & Pressurization 


Special Issue: The Cabin Supercharger. 
Douglas Serv., Mar.-Apr., 1958, pp. 2-16, 20-31. 
Partial Contents; Supercharger Development and 
Characteristics. Supercharger Operation. Super- 
charger Improvements. Supercharger Mainte- 
nance. Supercharger Instruments and Controls. 


Description 

Valiant—First of the V-Bombers. The Aero- 
plane, May 16, 1958, pp. 688-693, cutaway draw- 
ing. Design, structural, and system characteris- 
tics of the Vickers Jet bomber. 


Das sowjetrussische Abfangjagdflugzeug Mig 
19 “‘Farmer.’’ Flugwehr & -Technik, Apr., 1958 
p. 91. In German. Presentation of data on the 
Soviet Mig 19 or ‘‘Farmer’’ interceptor, including 
power-plant, structural, and performance chaf- 
acteristics. 


C-130 Demonstrates Mission Flexibility. R. 
I. Stanfield. Av. Week, May 19, 1958, pp. 60, 61, 
63, 67, 69, 71, 72, 75, 77. Discussion of the con- 
struction and performance characteristics of the 
C-130A. The features of the C-130B and of the 
commercial version are listed. 


I—Douglas Uses Extra Time to Refine DC-8 
for Jet Race. II—Safety Dominates DC-8 Jet- 


Synchros...another Kearfott capability 
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Chart compares Min-K’s thermal conductivity with 
conventional fibrous insulations and still air. Note 
that Min-K’s conductivity decreases with altitude. 


Johns-Manville announces... 


A scientific break-through in missile insulation! 


New MINA) has lower conductivity than still air— performs better the higher it flies 


® Saves missile space to boost fuel ca- 
pacity and range 

® Protects instrumentation more effec- 
tively to increase accuracy 

® Offers lower thermal conductivity 
than any known insulating material 

® Now performing successfully in 
operational U.S. missiles 


Min-K is in every meaning of the term 
—a scientific break-through! 

For in Min-K, Johns-Manville re- 
search scientists have developed an 
insulating material entirely new in con- 
cept, an insulation so effective that its 
thermal conductivity is actually below 
what was long called the ultimate—the 
molecular conductivity of still air. 


Increases accuracy and range 
With this new low in thermal conduc- 


tivity (less than half that of the best 
fibrous insulations), Min-K contributes 
to greater accuracy by providing more 
effective protection of temperature- 
sensitive instrumentation . . . increases 
range by conserving space for greater 
fuel storage. 


Insulates better the higher it flies 
Unique with Min-K is improved per- 
formance at altitude, for its thermal 
conductivity drops appreciably as at- 
mospheric pressure decreases. At an al- 
titude of 10 miles, for example, Min-K’s 
thermal conductivity is decreased by as 


JOHNS-MANVILLE 
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much as 40%, and further decreases at 
higher altitudes! 


Manufactured by J-M as integral 
parts— Min-K insulations are precision 
molded to any shape you specify... en- 
cased in high-temperature metal foils or 
laminated to reinforced plastics. Min-K 
insulations include a wide variety of 
strengths, densities and temperature 
resistances. 


For detailed information about 
Min-K, write Johns-Manville, Box 14, 
New York 16, N. Y. (Ask, too, for avia- 
tion insulation brochure IN-185A.) In 
Canada, Port Credit, Ontario. 


PRODUCTS 
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liner Design. Russell Hawkes. Av. Week, Apr. 
21; Apr. 28, 1958, pp. 102, 103, 105, 109, 110, 
113, 117, 119, 121, 123; 60, 61, 63-69. Discus- 
sion of the production method and structural and 
performance characteristics of the DC-8 transport 
aircraft. 


JetStar Appears to Meet USAF Needs. R.!I 
Stanfield. Av. Week, May 5, 1958, pp. 78, 79 
81-99 (ff.). Discussion of the mechanical prop- 
erties and the performance characteristics of the 
JetStar. An evaluation of the advantages of 
mounting turbojets on the rear fuselage is made. 
The three hydraulic systems are described. 


Vickers Vanguard Features Double-Bubble 
Fuselage. Irwin Stambler. Av. Age, May, 
1958, pp. 40-45. Design, performance, and 
structural characteristics of a turboprop trans- 
port. 

The International Friendship. The Aeroplane, 
Apr. 11, 1958, pp. 509-515, cutaway drawing 
Development and design characteristics of the 
F. 27 Friendship. A comparison of the Dutch 
and the American model is made. 


Comet Resurgent. Flight, Mar. 28, 1958, pp. 
420-427, cutaway drawing. Description of the 
systems, the test flight program, and the opera- 
tional plans of BOAC for putting the aircraft in 
use. 


Folland Gnat; Die Miicke mit dem spitzen 
Stachel. G. W. Heumann. Flug-Revue, May, 
1958, pp. 25-27. In German. Description of 
the Folland Gnat fighter. 


Dart Herald; Handley Page’s Turboprop 
Branchliner. Flight, May 2, 1958, pp. 608-614, 
cutaway drawing. Design and performance 
characteristics of a Rolls-Royce powered version 
of a feeder-line aircraft. 

F.D. 2. Flight, Apr. 25, 1958, pp. 571-575, 
cutaway drawing. Design, structural, and per- 


formance characteristics of the Fairey research 
aircraft. 


C-133 Exhibits Stability, Controllability. 
Richard Sweeney. Av. Week, May 12, 1958, pp. 
70, 71, 73-83 (ff.). Design, performance, and 


flight handling characteristics of the Douglas 
turboprop transport. 


Operating Characteristics, Economics 


Selection of the Vickers Vanguard by Trans- 
Canada Air Lines. J. T. Dyment. (CAI Mid- 
Season Meeting, Vancouver, Feb. 27, 1958.) Can 
Aero. J., May, 1958, pp. 149-155. Survey of the 
determining factors in airliner acquisition. A 
comparison between the DC-9 and the Vickers 
Vanguard is made. 


Despre Comportarea Avionului in Zbor in 
Atmosferé Agitata. acker. Stud. Cerc. 
Mec. Ablic., No. 4, 1957, pp. 983-990. In 
Rumanian, with summaries in French and Rus- 
sian. Development of a method for studying the 
behavior of an aircraft in the case of turbulent at- 
mospheric flight conditions. 


Piloting 
Pilotirovanie Istrebitelia Noch’iu. G. G. 
Semenko. Vestnik Vozdushnogo Flota, Apr., 


1958, pp. 35-40. In Russian. Discussion of 
piloting techniques for night fighter aircraft. 


Airports 


Fuelling Turbine-Engined Aircraft. Shell Av. 
News, Mar., 1958, pp. 14-21. Discussion of fuel- 
ing equipment, fueling rates, and hydrant sys 
tems. Several parking patterns ane presented 


Ob ie Nochnoi 
Posadki Samoletov v Slozhnykh 
B. A. Ushakov. Vestnik Vozdushnogo Flota, 
Apr., 1958, pp. 41-45. In Russian. Description 
of airport lighting installations for night landing 
under difficult meteorological conditions. 


Svetotekhnichesk 


Aviation Medicine, Space Medicine 

_Vozrastaiushchaia Otvetstvennost’ Fiziolo- 
gicheskikh Nauk. G. Lil’estrand. AN SSSR 
Vesinik, Mar., 1958, pp. 40-47. In Russian 
Discussion of the increasing responsibility of the 
physiological sciences from the viewpoint of 
modern development including the requirements 
of aviation medicine. 


Confidence Ratings, Message Reception, and 
the Receiver Operating Characteristic. Irwin 
Pollack and L. R. Decker. (USAF CRC TR 
57-11) ASA J., Apr., 1958, pp. 286-291; Dis- 
cussion, pp. 291, ‘292. 

Interaural Effects Upon Speech Intelligibility 
at High Noise Levels. Irwin Pollack and J. M. 
Pickett. (USAF CRC TN 57-4) ASA J., 
Apr., 1958, pp. 293-296. 

Speech Intelligibilit; 
Effect of Short-Term 
(USAF CRC TR 57-9) 
282-285. 

Limits of Direct Speech Communication in 
Noise. J. M. Pickett. (USAF CRC TN 57-6) 
ASA J., Apr., 1958, pp. 278-281. . 

Relative Intensities ef Sounds at Various Ana- 
tomical Locations of the Head and Neck During 


at High Noise Levels: 
sure. Irwin Pollack. 
ASA J., Apr., 1958, pp. 
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Phonation of the Vowels. H.M. Moser and H. J. 
Oyer. (USAF CRC TN 55-70) ASA J., Apr., 
1958, pp. 275-277. 


The Navy’s Full-Pressure Suit. C. F. Gell, 
E. L. Hays, and J. V. Correale, Jr. Res. Rev., 
Apr., 1958, pp. 12-21. Review of the design 
history and description of the full-pressure suits. 
The various prototypes are discussed and illus- 
trated. 


Zashchitnoe Snariazhenie dlia Vysotnykh Pole- 
‘ov. S. . Umanskii. Vestnik Vozdushnogo 
Flota, Apr., 1958, pp. 64-68. In Russian. Dis- 
cussion of problems in high-altitude flight and de- 
scription of protective equipment, including cloth- 
ing, as well as air-conditioning and pressurization 
systems. 


How to Keep Space Crews Content. D. N. 
Michael. Missiles & Rockets, Apr., 1958, pp. 
110, 112-114. Discussion of the environmental 
factors and social and psychological difficulties 
likely to arise for space crew members. The 
——— and special training of such a crew is de- 
scribed. 


Temporary Threshold Shift as a Function of 
Noise Exposure Level. W.J.Trittipoe. (USAF 
CRC TN 57-9) ASA J., Apr., 1958, pp. 250-253. 
Study of temporary threshold shift as a function 
of sound level for equal exposure durations. 


Human Engineering 


Human-Factors Engineering. I—Man and 
Machine, J. D. Vandenberg. II—Design for 
Seeing, J. D. Vandenberg and C. T. Goldsmith. 
Mach. Des., Apr. 17; May 1, 1958, pp. 108-113; 
104-109. 11 refs. Discussion providing a hu- 
man-factor background for the designer with em- 
phasis on defining areas of human-factors activity 
and showing how these areas fit into the overall 
design picture. An example of visibility and 
interpretation of display information are ex- 
amined. 


Computers 


Special Issue: Electronic Computer Research. 
Tech. News Bul., Apr., 1958, po. 57-75, 77-79. 
13 refs. Partial Contents: A High-Speed Multi- 
plier for Electronic Digital Computers. Process- 
ing Pictorial Information on Digital Computers. 
Low-Power Plug-In Packages for Electronic 
Computer Circuitry. SEAC Converted to Ap- 
plications Research Facility. A Function Gener- 
ator for Two Independent Variables. Man- 
Machine Simulation System. Problem Solving 
on the High-Speed Computer. Magnetic Am- 
plifiers for Digital Computers. Diode Amplifier 
Shift Register. 

Transistor Characteristics for Direct Coupled 
Transistor Logic Circuits. J. W. Easley. JRE 
Trans., EC Ser., Mar., 1958, pp. 6-16. 


Direct-Coupled Transistor Logic Circuitry. 
J. R. Harris. [RE Trans., EC Ser., Mar., 1958, 
pp. 2-6. Presentation of design rules for transis- 
tors ‘in logic circuitry. 


A Transistorized Four-Quadrant Time-Division 
Multiplier with an Accuracy of 9.1 percent. Her- 
a IRE Trans., EC Ser., Mar., 1958, 
pp. 41-47. 


Synthesis of N-Valued Switching Circuits- 
R. D. Berlin. JRE Trans., EC Ser., Mar., 1958, 
pp. 52-56. 

Synthesis of Electronic gag 9 for Symmetric 
Functions. George Epstein. JRE Trans., EC 
Ser., Mar., 1958, pp. 57-60. 


Photoformer Solves Sound Barrier Problems. 
R. W. Maloy. Electronics, May 23, 1958, pp. 78— 
80. Description of a photoelectric function 
generator which provides reproduction of complex 
curve slopes for use in conjunction with an analog 
computer. 


Electroanalogic Methods. VI—Multiplication 
4 Grid-Network Efficacy by Use of ‘‘Tearing.”’ 

T. J. Higgins. ame. Mech. Rev., May, 1958, pp. 
203-206. 91 refs. 

Synchronization of a Computer. 
liar and Jacob Keilsohn. Electronic Des., Mar. 5, 
1958, pp. 64-67. _USAF-sponsored description of 
the application of a new type of shift register to 
solve the synchronization problem in the Cam- 
bridge Computer. 


Automatic Classifier Speeds Selection of Mag- 
netic Memory Cores. Electronic Des., Mar. 5, 
1958, pp. 74, 75. 


Subtabulation with Special Reference to a 
High-Speed Computer. E. R. Woollett. Quart. 

Mech. & Appl. Math., May, 1958, pp. 185-195. 
Generalization of a method by Comrie and Bower 
for subtabulating a function by use of bridging 
differences to cover all subintervals where the 
procedure gives exact pivotal values. 


Thermal Computers; Basic Principles and Ap- 
plications. G.A.Gedney. Missile Des. & Devel., 
Apr., 1958, pp. 18-20. 


Analog Comparator for Production Testing. 
C. N. Boode and C. E. Calohan. Electronics, 
Mar. 28, 1958, pp. 47-49. Description of a com- 
puter that records the continuous performance of 
potentiometer-type pressure-sensing instruments. 
Special circuits are incorporated for measuring 
total resistance, insulation leakage, noise, and 
voltage ratio. 


Gerald Smo- 
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Instrumentation Aids J. 
Kent. Mil. Electronics, Apr., 1958, pp. 18-3] 
Description of various tape recordal 
devices for flight testing missiles and aircraft. 


New Applications of an Electronic Functig 
Generator. Rajko Tomovich. ]RE Trans., 
Ser., Mar., 1958, pp. 48-51. Discussion of tha 
application of nonlinear techniques to the general 
= of functions for several independent va 
ables. 


A New Bistable Element Suitable for Use j 
Digital Computers.II. C.D. Florida. Electrongm 
Eng., Mar., 1958, pp. 148-153. 


The Application of Square Hysteresis ines Mal 
terials in Digital Computer Circuits. A. 
Electronic Eng., Apr., 1958, pp. 196-199. io” reid 


Computing and Error Matrices in Linear De 
ferential Analyzers. Amos Nathan. IR 
Trans., EC Ser., Mar., 1958, pp. 32, 33. 


An Analysis of Certain Errors in Electronig 
Differential Analyzers. II—Capacitor Dielectrig 
Absorption. P. C. Dow, Jr. JRE Trans., 
Ser., Mar., 1958, pp. 17-22. 11 refs. : 


Digital Computers in the Aircraft Industry 
H. McG. Ross. Interavia, 1958, pp. 332, 333) 
Discussion of the types of computers used in thi 
British aircraft industry. The organization 
the program for the computer and some of the 
problems to be solved are described. 


The Digital Computer as a Helicopter Flightj 


Simulator. J. M. arrison. Helicopter Assm 
Gt. Brit. J., Apr., 1958, pp. 41-58; Discussioni 
pp. 59-65. Presentation of a method for analym 


ing extended longitudinal maneuvers based ong 
step-by-step integration process. 


How Computers and Simulators Aid in — 
Development. Irwin Pfeffer and G. ; 
Astronautics, May, 1958, pp. 38-40, 128, 130, 132 ; 
Application of analog and digital computers t@ 
the four basic phases of development: preliminary 
analysis, design, component and subsystem testi 
ing, and complete system testing. : 


Communicating with Computers. G. H. Jenks 
inson. Battelle Tech. Rev., Apr., 1958, pp. 3-§ 
Discussion on the importance of proper selectiog 
of equipment to enable a system to accomplish ig 
assigned tasks. 


Control Theory 


Mess- und Regelungstechnik. Gerd Miiller 
BWK, Apr., 1958, pp. 192-195. 64 refs. Ig 
German. Discussion of the fundamentals of 
control theory, application of analog and digital 
computers, and development of experimental 
methods. 


Analiz Kachestva i Sintez Sistem Avtomatiches- 
kogo Regulirovaniia s Zapazdyvaniem. Fan’ 
Chun-Vui. Aviom. i Telemekh., Mar., 1958, ppl 
197-207. In Russian. Application of the syn 
thesis of servosystem corrective devices to auto 
matic control systems with lag. : 


Uvelichenie Bystrodeistviia Nekotorykh Sistem 
Avtomaticheskogo Regulirovaniia pri Pomoshchi 
Nelineinykh i Vychislitel’nykh Ustroistv. G. Mm 
Ostrovskii. Aviom. i Telemekh., Mar., 1958, pp 
208-216. In Russian. Application of nonlineag 
and computing devices in order to increase thé 
high speed of some control systems. 


Influence des Asservissements Electroniques 
sur la Conception des Machines. R. Moreau 
La Recherche Aéronautique, Jan.-Feb., 1958, pp = 
37-44. In French. Analysis of various aspects am 
of electronic control and their effect on the princ- 
ples of automatic systems. ey 


Elektronnye Rele Vremeni. V. S. Zhupakhig 
and K. S. Zhupakhin. Jzmer. Tekh., Mar.-Aptgm 
1958, pp. 41-46. In Russian. Study of elee 
tronic time relay systems and evaluation of theif 
design and operation. 


Designing an Electronic Filter Servo. J. A@ 
Webb. Electronic Des., Apr. 16, 1958, pp. 32-35) 
Description of a design to filter extremely narrow 
bandwidths and at the same time retain goodg 
phase stability. 


K Teorii Gidravlicheskogo Servomotora berm 
Obratnoi Sviazi. K.S. Kolesnikov. AN SSSR 
Otd. Tekh. Nauk Izv., Feb., 1958, pp. 126-128 
In Russian. Evaluation of the theory of hydrau- 
lic servomotors without feedback. 


Education & Training 


Our Educational Responsibilities. E. C. 


Wells. (CAI Mid-Season Meeting, Vancouver, 
= iF 1958.) Can. Aero. J., Apr., 1958, pp. 


Evaluating Engineers. F. L. Ryder. Aero/- 
— Engrg., July, 1958, pp. 46-51. Description 
practical methods of evaluating engineers. 
Technical skill, personal temperament, and prac- 
tical judgment for overall engineering ability 
evaluation are discussed. 


Vizual’nyi Poisk Vozdushnykh Tselei v Su- 
merki. A. V. Seledkin. Vestnik Vozdushnogo 
Flota, Apr., 1958, pp. 30-32. In Russian. Discus- 


sion of techniques used for the visual location of 
aerial targets at dusk. 
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Bendix* has long been a leader in supplying controls and fuel systems for all types 
of aircraft engines. Today, Bendix is proving to be a natural for new challenges 
in related missile fields—on ram jets, rockets, nuclear power, and other advanced 
propulsion systems. So, when it comes to controls, remember that Bendix has 
capabilities—and will travel—to help you solve your problems. *REG. U.S. PAT. OFF. 


BENDIX Ovsion SOUTH BEND, IND. 
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Electronics 


The Electronic Materials Frontier. 


Letaw, Jr. Astronautics, 


106. 


May, 
Discussion of problems 
specifications for materials to be used in space 
vehicle applications, such as functional multiplic 


1958, pp. 25-27 
in determining 


Evaluation of Integrals Arising in Particle At- 
= Problems. 
Harry & 

pA oto for the problem of calculating the num- 
ber of neutrons traversing a cylindrical attenuat- 
ing medium. 


ene and Trans-Canada Air Lines. 


F. W. Mezger. J. 
1958, pp. 79-88. 


Math. 


Presentation of 


C. J. 


ity and qualitative multiplicity, The technique Campbell. AI Mid-Season Meeting, Vancou- 
of microanalogy for the proper selection of ma- ver, Feb. 28, 1958.) Can. Aero. J., May, 1958, pp. 
terials for a given application is explained. 162-164. Survey of various electronic systems 
used by an airline and discussion of their advan- 
ecial Issue: High Temperature Components tages. 
Blectromi Equip.nent. Electronic Des., May 
1958, pp. 24-59, 64-67. Partial Contents: 
ie Hot Is Hot, G. H. Rostky. Tubes and Amplifiers 
Semiconductors. Resistors, Capacitors In- 
ductors. Transducers and Electromechanical Transistor A-C Amplifier Uses Multiple Feed- 
Devices. Temperature Conversion Chart. Ma- back. Howard Lefkowitz. Electronics, May 
terials and Hardware. 23, 1958, pp. 84, 85. 
Temperature Components. Electronic Uses o 
High Temperature Liquid Dielectrics, C. G Parallel-T RC Selective Amplifiers. J. J. 


Currin. 


John Mallinson. 


Design Tips for Using High Tempera 
ture Precision Potentiometers, R. 
Hot Wires Carry More Current Than you Think, 
High Temperature Relay De 


signs Are Different, S. M. DePuy. 


J. Sullivan 


Ward and P. V. Landshoff. Electronic & Radio 
Engr., Apr., 1958, pp. 120-124. 

Designing Transistor A-F Power Amplifiers. 
Herscher. 
96-99. 


Electronics, Apr. 11, 1958, pp. 
Evaluation of design techniques for high- 
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COMPONENTS 


Small Motor . .. BIG idea 
FOR YOUR MOTOR-DRIVEN PRODUCT 


This motor is representative of the many Lamb Electric motors 


Specially engineered to provide: 


(1) the dependable power and smooth, efficient operation 


required for top product performance. 


(2) the low weight and compactness required for easy 
portability and good product appearance. 


These advantages are standard with Lamb Electric Motors, at no 
increase in cost, because our plant is equipped and organized to 
_ custom manufacture on a volume basis. May we demonstrate? ' 


THE LAMB ELECTRIC COMPANY. 


In Canada: Lamb of 


Circuit breaker 
actuator motor. 


KENT, OHIO 


A Division of American Machine _ Metals, Inc. 
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Elocteic 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


Impact concrete 


drill motor. 


August 1958 


y ltd.— Leaside, Ontario 


MOTORS 


Turbine for canister-type 
vacuum cleaner, 


power transistor audio amplifiers. The circy 
operation, the driver stage, and the power outpg} 
stage are described. 

DC Feedback Equations for Transistor Am 
fiers. Howard Lefkowitz. Electronic Des., Ape 
16, 1958, pp. 52-55. 


Stagger-Tuned Band-Pass Amplifiers; Desig 
for Prescribed Overshoot. Yona Peless. Ele 
tronic & Radio Engr., May, 1958, pp. 175-178, 

Feedback Amplifier Design with the Nichoy 
Chart. W. D. Wade. Electronic Des., Mar. If 
1958, pp. 32-35. 

The Solid-State Maser—A Supercooled 
fier. J. W. Meyer. Electronics, Apr. 25, 195% 
pp. 66-71. 10 refs. Discussion which include 
description of a two-level molecular maser and 4 
three-level solid state maser, current experiments, 
amplifier and oscillator characteristics, noig 
measurement, and applications. 

K Voprosu o Perekhodnykh Protsessakh + 
Magnitnom Usilitele s Induktivnoi Nagruzkoi, 
Vkliuchennoi Cherez Vypriamitel’. L. Safris, 
Avtom. i Telemekh., Mar., 1958, pp. 228-239 
In Russian. Calculation of the duration ad 
transient processes in magnetic amplifiers with 
an inductive load connected to a rectifier. 


K Raschetu Drossel’nogo Magnitnogo Usili. 


telia, Vkliuchennogo na Odnofaznyi ypriami. 
tel’nyi Most. N. A. Kaluzhnikov. Avtom. { 
Telemekh., Mar., 1958, pp. 239-256. In Russian, 


Calculation, based on the theoretical analysis of 
an ideal and linear magnetic amplifier, of ac 
reactor magnetic amplifier circuits connected with 
one-phase rectifier bridge having capacitive and 
inductive load. 


Antennas, Radomes 


Shunt and Notch-Fed HF Aircraft Antennas. 
R. L. Tanner. JRE Trans., AP Ser., Jan., 1958, 
pp. 35-43. USAF-supported analysis of the 
strength of coupling by shunts or notches, show- 
ing the strength to be proportional to the square 
of the normal mode current which they interrupt. 


The Current Distribution and pes Impedance 
of Cylindrical Antennas. E. Bohn. JRE 
Trans., AP Ser., Oct., 1957, pp. 


Back-Scattering Cross Section of a Center- 
Loaded Cylindrical Antenna. Yueh-Ying Hu 
IRE Trans., AP Ser., Jan., 1958, pp. 140-148, 
USAF- -supported analysis. 


An Application of Parageometrical Optics to 
the Design of a Microwave Mirror. L. Ronchi 
and G. Toraldo di Francia. IRE Trans., AP Ser., 
Jan., 1958, pp. 129-133. USAF-sponsored in- 
vestigation. 


New Method of Antenna Array Synthesis 
Applied to Generation of Double-Step Patterns, 
C. J. Sletten, P. Blacksmith, Jr., and G. R. Forbes, 
Jr. IRE Trans., AP Ser., Oct., 1957, pp. 36% 
373. Description of the double-step pattern, and 
discussion of a method of determining slot cou- 
plings. Experimental results are given. 


Scanning Characteristics of Microwave Apla- 
natic Lenses. G.G. Cloutier and G. Bekefi. IRE 
Trans., AP Ser., Oct., 1957, pp. 391-396. Il 
refs. USAF-supported investigation. 


Surface Fields Produced by a Slot on a Cone, 
G. Held and G. Hesserdiian. ]RE Trans., AP 
Ser., Oct., 1957, pp. 398, 399. Experimental 
study of the field distribution on the surface of a 
cone excited by a slot and degree of interaction 
between the slot and the tip of the cone. 


Surface-Wave Beacon Antennas. R. E. 
Plummer. JRE Trans., AP Ser., Jan., 1958, pp. 
105-114. 11 refs. USAF-supported presenta- 
tion of test results for center-fed corrugated and 
dielectric-clad spherical-cap antennas, and com- 
parison with theory. 


Design of a Highly Mobile VHF-UHF Direc- 
tional Antenna Array (Dipolaradome). rey 
dix—Proposed Mechanical Schemes. 
Ondrejka and Mark Rudensey. 
TR 58-30 [AD 148635), Mar., 1958. 73 pp. 


Loaded-Lens Antenna Tracks Missiles. L. S. 
Miller. Electronics, Mar. 28, 1958, pp. 44-46. 
Description of an artificial dielectric lens consist- 
ing of concentric hemispheres of foam plastic, 
each covered with metal disks, which serves to 
provide nutation of circularly polarized feed 
source for illuminating a 60-ft. parabolic antenna. 


Ferrite Radiators Shrink Missile Antenna 
Systems. H. C. Hanks, Jr. Electronics, Apr. 
25, 1958, pp. 49-51. Discussion of the charac- 
teristics of ferrite elements used as single and mul- 
tiple pencil beam radiators. Results indicate 
that the directivity property of ferrite elements 
permits ferrite arrays to provide half-power beam 
widths and side-lobe characteristics equal to those 
obtained with large conventional antenna sys- 
tems. 


On the Simulation of Fraunhofer Radiation 
Patterns in the Fresnel Region. D. K. Cheng. 
IRE Trans.,AP Ser., Oct., 1957, pp. 399-402. 
USAF- supported summary and comparison of 
three different methods for determining the re- 
quired amount of defocus, the diffraction phe- 
nomena being neglected. 

Radiation from a Radial Dipole Through a Thin 
op Spherical Shell. M. G. Andreasen. 

RE Trans., AP Ser., Oct., 1957, pp. 337-342. 
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GITS HH-TYPE SEAL SERIES 
—_ 


CMM 


% 


SHELL 

ADAPTER 
SEPARATOR 

SPRING 

FLAT PACKING RING 
SEAL RING 


ONE SEAL ENVELOPE 
WITH CHOICE OF 
FIVE SEAL PACKINGS 


Use of this one standard Gits HH-type seal envelope — 
with your choice of the five seal packing arrangements 
illustrated at left — permits effective sealing (in the same 
seal cavity) over the widest possible range of operating 
conditions. And all these Gits Shaft Seals meet standard 
minimum space requirements of the aircraft and missile 
industry. 


DIAPHRAGM PACKING 


V/ WEDGE PACKING RING 


VITON “A” 


All packings illustrated are available with new 
Viton “A” rubber compound, for highest tem- 
perature resistance and maximum resistance to 
aircraft and hydraulic fuels and lubricants. 


materials to suit specific applications. 
The sealing cui packing members are nites of 


each applicatio 


_ well as the most modern manufacturing equipment. 
entury of experience, has the know-how to blend 


seals work better for you. Send for full information. 


tandard metal parts are stainless steel, except when _ 
the Gits Engineering Department recommends other © 


proper materials to suit the operating aes of — 

Gits maintains the most Lelintod facilities for design, _ 

engineering, research, development and testing, as _ 
The Gits Engineering Department, with almost half a — 
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Theoretical Investigation of the Radiation 
Characteristics of a Quasi-Flush-Mounted Cardi- 
oid-Pattern Antenna. . E. Shanks. JRE 
Trans., AP Ser., Jan., 1958, pp. 8-12. USAF 
supported research. 

Mechanical and Electrical Tolerances for 
Two-Dimensional Scanning Antenna Arrays. 
R. S. Elliott. JRE Trans., AP Ser., Jan., 1958, 
pp. 114-120. USAF-supported analysis of the 
effect of random errors in the construction of a 
two-dimensional scanning array. 

Scanning Lens Design for Minimum Mean- 
Square Phase Error. E. K. Proctor and M. H 
Rees. IRE Trans., AP Ser., Oct., 1957, pp. 348 
355. 


Radome Sandwich Using Artificial Dielectric 
Foam. W. R. Cuming. Electronic Des., Apr 
16, 1958, pp. 36-39. USAF-sponsored discussion 
of properties and a graphical representation of 
radome fabrications. 


Circuits & Components 


Simplifying Cathode Follower Circuit Design. 
4 > Moffat. Electronic Des., Apr. 16, 1958, pp 
Analysis of Current Pulses; Application to 
Rectifiers and Class C Amplifiers. F. G. Hey- 
mann. _ Electronic & Radio Engr., May, 1958, pp 
165-167. 

Saturable Reactors Fire Radar Magnetrons. 
H. E. Thomas. Electronics, May 9, 1958, pp. 72 
75. Discussion of the basic action of current 
pulse compression with magnetic modulators 
The modulator uses saturable reactors to convert 
input sine wave into narrow, high peak-power 
output pulses. 

Code Matrices for Indexing. W. C. Tooker 
Electronic Des., Mar. 5, 1958, pp. 34, 35. Presen 
tation of two general approaches for setting up 
the matrices. Factors determining the selection 
of the proper approach are given. 
Transistor-Simulated Reactances. R. H. 
Stern. Electronic Des., Mar. 5, 1958, pp. 24-27 
Description of compact transistor circuits and 
their application in filtering and decoupling. 

Read and Write Transistor Circuits for Mag- 
netic Drums. II B. A. Mangan. Electronic 
Des., Mar. 5, 1958, pp. 44, 45. Presentation of a 
general approach to the design of transistorized 
magnetic drum red-wire circuits for high reli 
ability. 

Controlled Saturation in Transistors and Its 
Application in Trigger Circuit Design. I, II. 
N. F. Moody. Electronic Eng., Mar.; Apr., 
1958, pp. 121-127; 200-204. 12 refs. Theoret 
ical study of saturation phenomena directed to- 
ward minimizing the penalty of lost speed. A 
concept known as ‘‘controlled saturation’’ is 
developed, which defines the maximum charge 
storage the transistor can exhibit whether satu- 
rated or not. Application is made to a trigger cir 
cuit with an excellent resolving time, whose output 
terminal is able to handle heavy currents and pre- 
sent a low impedance. 

Simplifying Circuit Design with Floating Power 
Supplies. J. F. Walton. Electronic Des., Mar 
5, 1958, pp. 28-31. 


Communications 


The Geometry of Auroral Communications. 
R. L. Leadabrand and I. Yabroff. IRE Trans., 
AP Ser., Jan., 1958, pp. 80-87. 26 refs. Inves- 
tigation of the geometry of reflection for a variety 
of transmitter locations based upon the assump 
tion of specular reflection from columnar ioniza 
tion aligned with the earth’s magnetic field lines. 


Radio Echoes from Auroral Ionization Detected 
at Relatively Low Geomagnetic Latitudes. Ap 
ndix—Curved-Earth Curved-Ionosphere Ray 
th Derivations. R.L. Leadabrand and A. M 
Peterson. IRE Trans., AP Ser., Jan., 1958, pp 
65-79. 28 refs. 

Selection of Modulation for Speech Communi- 
cation. J. Kelley. Electronics, Mar. 28, 
1958, pp. 56-58. 

Crystal Converter for Tropo-Scatter Receivers. 
a Gruber. Electronics, Apr. 11, 1958, pp. 78 


_ Electron Density Fluctuations and the Scatter- 
ing of Radio Waves in the Ionosphere. [a. | 
(Zhurnal Teoret. i Exper. Fiz., July, 

213-224.) Sov. Phys.-JETP, Jan., 

167-179. Translation. Description 
of results from a determination of electron density 
fluctuations obtained by measuring the ‘‘turbidity 
coefficient’’ of the ionosphere and the energy scat 
tered at very high frequencies. The linear di- 
mensions ¢ of inhomogeneities at ~ km. are 
determined. Dimensional formulas of the theory 
of turbulence are used. 


Construction Techniques 


The Application of Printed-Wiring Techniques 
to Electronics. F.C. Hallberg, H. H. Levy, and 
C. J. Creveling. Res. Rev., Apr., 1958, pp. 22-26 
Selection of Urethane Plastic Foams for Pack- 
aging Electronic Equipment. .J. A. Meyer and 
7 geen Mach. Des., Mar. 20, 1958, pp 


70 Aero/Space Engineering - 


Arma Switches to Stabilene for Printed Circuit 
Layouts. Av. Age, Apr., 1958, pp. 80, 81, 83, 84. 


Cooling 


Special Issue: Cooling Airborne Electronics. 
TRE Trans., ANE Ser., Mar., 1958, pp. 3-63. 
46 refs. Contents: General Aspects of Cooling 
Airborne Electronic Equipment, J. Kaye and H. 
Y. Choi. Problems Arising in High-Speed Air- 
craft Due to Cooling Requirements of Electronic 
Equipment, N. A. Carhart. Temperature Limits, 
Ratings, and Natural Cooling Procedures for 
Avionic Equipment and Parts, J. P. Welsh. 
Forced-Air Direct-Contact Cooling of Airborne 
Electronic Equipment, T. Jordan. Cold Plate 
Design for Airborne Electronic Equipment, M. 
Mark. Why and How Should High-Speed Air- 
craft Electronics be Liquid Cooled, Walter Robin- 
son. An Evaporative-Gravity Technique for 
Airborne Equipment Cooling, M. Mark, M. 
Stephenson, and C. Goltsos. Temperature Meas- 
urement, W. M. Rohsenow and R. J. Nickerson. 
Radio Rack Cooling in Present Commercial Air- 
craft, T. A. Ellison. 


Dielectrics 


A Property of Dielectric Constants of Dielec- 
trics in Thermal Equilibrium. Martin Peter. 
J. Math. & Phys., Jan., 1958, pp. 347-350. USAF- 
Army-Navy-supported analysis of the dielectric 
constant for the case where the dielectric is dis- 
persive and passive. A lumped model circuit of 
equilibrium dielectric constants is built. 

Propagation Through a Dielectric Slab; Effect 
on Polar Diagram of Source. T. B. A. Senior. 
Electronic & Radio Engr., Apr., 1958, pp. 135-137. 

Vliianie Poverkhnosti na Znak Provodimosti 
AlSbiInSb. V. F. Synorov. AN SSSR Dokl., 
Jan. 21, 1958, pp. 483, 484. In Russian. Study 
of surface effects on the conductivity of AlSb and 
InSb. 


Electronic Tubes 


Microwave Tubes. II—-Magnetron and Klys- 
tron Face Wave Tube Challenge. James Hola- 
han. Av. Age, May, 1958, pp. 118-123, 125, 
126, 130, 131. 

Zener Diode Characteristics. Electronic Des.. 
Mar. 19, 1958, pp. 26-31. 


The Design and Manufacture of a Low-Cost 
Cold-Cathode Trigger Tube. A. Turner. Elec- 
tronic Eng., Apr., 1958, pp. 166-169. 


New Breed of Microwave Tubes Spurs Radar, 
ECM, Scatter Designs. James Holahan. Av. 
Age, Apr., 1958, pp. 22, 23, 156-158, 160-164. 
Description of forward and backward type mi- 
crowave tubes. A tabular representation of their 
main characteristics is made. 


Transistor Circuits for Use with Gas-Filled 
Multi-Cathode Counter Valves. J. B. Warman. 
Electronic Eng., Mar., 1958, pp. 136-139. Pres- 
entation of a technique which enables complex 
digital circuits using both transistors and Deka- 
trons to operate from a low-voltage power supply. 


Magnetic Devices 


Special Issue: Proceeding of the Conference 
on Magnetism and Magnetic Materials. J. 
Appl. Phys., Mar., 1958, pp. 237-547. 821 refs. 
Partial Contents: Nature of Electrical Resistivity 
of the Ferromagnetic Metals at Low Tempera- 
tures, E. Kondorsky, O. S. Galkina, and L. A. 
Tchernikova. Rotational Model of Flux Rever- 
sal in Square Loop Soft Ferromagnets, E. M. 
Gyorgy. Effects of Magnetic Fields Upon Aniso- 
tropic Iron Crystals, J. H. L. Watson, Anthony 
Arrott, and M. W. Freeman. Inhomogeneous 
Broadening of Magnetic Resonance Lines, A. M. 
Clogston. Effects of Composition and Processing 
Variables on the Magnetic Properties of the 50% 
Nickel-Iron Alloy, M. J. Savistski. Ionic Va- 
lences in Manganese-Iron Spinels, A. H. Eschen- 
felder. Performance of Permanent Magnets at 
Elevated Temperatures, W. H. Roberts. Ferro- 
magnetic Resonance in Yttrium Iron Garnet at 
Low Frequencies, E. G. Spencer, R. C. LeCraw, 
and C. S. Porter. Magnetization Processes in 
Heat-Treated Single Crystal Cobalt Ferrite, S. 
Foner and J. O. Artman. Rigorous Approach to 
the Theory of Ferromagnetic Microstructure, 
W. F. Brown, Jr. Recent Advances in the De- 
sign of High-Field dc Solenoid Magnets, H. H. 
Kolm. Magnetic Properties of Dilute Magnetic 
Alloys and of the Rare Earth Metals, G. W. Pratt, 
Jr. Calculation of the Energy Loss in Magnetic 
Sheet Materials Using a Domain Model, R. H. 
Pry and C. P. Bean. 


Applications of Non-Linear Magnetics. I. H. 
F. Storm. Electronic Des., Feb., 19, 1958, pp. 
32-35. 22refs. Description of the design, oper- 
ation, and applications of the saturable core de- 
vice alone and in combination with other circuit 
elements. 


Applications of Non-Linear Magnetics. II. H. 
F. Storm. (AIEE Winter Gen. Meeting, New 
York, Feb. 2-7, 1958.) Electronic Des., Mar. 19, 
1958, pp. 44-47. 12 refs. Discussion of the SR 
(saturable reactor) used with a resistor and an in- 
ductor. 
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Applications of Non-Linear Magnetics. III, 
IV. H. F. Storm. (AIEE Winter Gen. Meeting, 
New Y,ark, Feb. 2-7, 1958.) 
16; May 14, 1958, pp. 62-65; 60-63. 52 refs. 


DC Transformer Has Continuous Adjustabl 


Electronic Des., Apr, 


Ratio. H. E. Darling. Electronic Des., Mar. 5, 
1958, pp. 40-43. 


Measurement & Testing 


Rapid Testing of Tube Shorts and Continuity, 
Electronic Des., Mar. 19, 1958, pp. 36-39. 


Some Methods of Phase Measurement Used in 
Transfer Function Analysis. D. J. Collins and J, 
E. Smith. Electronic Eng., Apr., 1958, pp. 182- 
186. 


Plug-in Bridge Checks VHF Quartz Crystals. 
D. W. Robertson. Electronics, May 9, 1958, pp. 
82-85. 


Networks, Filters 


VHF Matching Network Design. A. E. Sand- 
erson. Electronic Des., Mar. 19, 1958, pp. 20-23. 

Lossless Butterworth Ladder Networks Oper- 
ating Between Arbitrary Resistances. Worthie 
Doyle. J. Math. & Phys., Apr., 1958, pp. 29-37. 

How to Correct Phase Distortion with an L-C 
Lattice. J. D. Fogarty. Electronic Des., Apr. 2, 
1958, pp. 20-23. 


Noise, Interference 


Atmospheric Radio Noise; Equipment for the 
Measurement of Amplitude Distributions. J. 
Harwood and C. Nicolson. Electronic & Radio 
Engr., May, 1958, pp. 183-190. 


Detection of Pulsed Signals in Noise; Opti- 
mum Butterworth Third-Order Filters. H. S. 
Heaps and A. T. Isaacs. Electronic & Radio 
Engr., May, 1958, pp. 190-193. 

A Tunable Filter for Use in the Measurement 
of Excess Noise from Local Oscillators. W. P.N. 
Court. Electronic Eng., Apr., 1958, pp. 208, 209. 

Radiation Induced Noise in p-n Junctions. 
W. H. Fonger, J. J. Loferski, and P. Rappaport. 
J. Appl. Phys., Mar., 1958, pp. 588-591. 


Oscillators, Signal Generators 


Maser Is Here. Electronic Des., Mar. 19, 
1958, pp. 24, 25. Presentation of design char- 
acteristics and applications of the Maser oscilla- 
tor. 


Piezoelectricity 


Scanners for Ferroelectric Memory Capacitors. 
C. F. Pulvari and G. E. McDuffie, Jr. IRE 
Trans., EC Ser., Mar., 1958, pp. 34-40. USAF- 
supported study. 


Power Supplies 


Radio Waves Power Transistor Circuits. L. 
R. Crump. Electronics, May 9, 1958, pp. 63-65. 
Discussion of a system which derives all power re- 
quired to operate various types of transistor cir- 
cuits from electromagnetic energy radiated by 
distant sources. 

Optimum Design of Power Transformers and 
Saturable Reactors. I,II. T.R. Nisbet. Elec- 
tronic Des., Apr. 16; May 28, 1958, pp. 2-29; 
48-51. General design procedure for optimizing 
flux density and window shape. 

Improved Power Fault Protection. J. ye 
Mark. Electronic Des., Mar. 5, 1958, pp. 46-49 
Description of a simple high-speed fault-protection 
circuit which provides both dump tube and recti- 
fier-blocking protection. 

400-Cycle Inverter Is Transient-Proof. G. M. 
Ford. Av. Age, May, 1958, pp. 150-152. De- 
scription of a device used as a voltage regulator 
and power converter. 


Radar 


Recent Developmentsin Radar. L.M. Barker 
Astronautics, May, 1958, pp. 28, 29, 67, 68. Dis 
cussion of modern trends in radar development for 
search and tracking purposes, and for radio-iner- 
tial command guidance. 

How to Minimize Radar Effects on Electronic 
Circuits. W.G. Egan. Electronic Des., Mar. 19 
1958, pp. 52-55 


Reliability 

Design for Reliability. Electronic Des., Feb. 
19, 1958, pp. 1-23. 16 refs. Discussion of the 
status of reliability of electronic equipment, in- 
cluding some methods for predicting reliability 
and guides for circuit and equipment design. 

Reliability-Sensitivity-Function Analysis. H. 
E. Blanton. Electronic Des., Feb. 19, 1958, pp. 
22-25. Analysis providing an approach to the 
quantitative evaluation of the rate of change of 
system reliability with respect to changes in the 
reliability of the particular part. 

(Continued on page 89) 
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ACOUSTICS, SOUND, NOISE 


RESEARCH ON INVESTIGATION OF THE INTER- 
ACTION OF SOUND AND TURBULENCE. W. Toll- 
mien. Max Planck Inst. Rep. (EOARDC TN 58-236) 
[AD 154138 ], Mar., 1958.34 pp. Investigation of the 
elementary processes of scattering of sound by avor- 
tex, and of the dependence of the scattering properties 
on the characteristic parameters of the problem. 
A superposition is made of the effects of elemen- 
tary scattering in a field of flow in which the vor- 
tices are statistically distributed due to an arbi- 
trarily given distribution function controlling di- 
rection of the axis, size, and circulation of the 
vortices. The basic equations will be Euler's e- 
quations of motion and the equation of continuity. 
The influence of friction and heat conduction are 
neglected. The method of small disturbances is 
used to obtain a solution; all properties in the field 
of motion are developed in a power series of a 
small parameter, in this case the amplitude of the 
sound oscillations. 


ON THE STRENGTH DISTRIBUTION OF NOISE 
SOURCES ALONG A JET. H.S. Ribner. UTIA 
Rep. 51, Apr., 1958. 26 pp. 15 refs. AFOSR- 
supported investigation of the spatial distribution of 
noise sources along a jet by application of Lighthill's 
theory to regions of "similar profiles.'' The ana- 
lysis refers to the noise power emitted by a"'slice" 
of jet (section between two adjacent planes normal 
to the axis) as a function of distance x of the slice 
from the nozzle. Because of the striking attenua- 
tion of strength with distance, it is concluded that 
the mixing region produces the bulk of the noise 
and must dominate in muffler behavior; conversely, 
the "fat" part of the jet must contribute much less 
to the total noise power than is commonly supposed. 


Powell's experiments on the effects of nozzle veloc- 
ity profile on total noise power are interpreted qual- 


itatively. The behavior of multiple-nozzle or cor- 
Tugated mufflers, both as to overall quieting and 
frequency-shifting, is also interpreted in the light 
of the results. 


(113) 
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SOME MEASUREMENTS BEARING ON THE 
PRINCIPLE OF OPERATION OF JET SILENCING 
DEVICES. Appendix I - ON THE MEASUREMENT 
OF THE NOISE SOURCE STRENGTH. Appendix II - 
APPROXIMATE RELATIONS BETWEEN LOW 
SPEED TURBULENCE AND NOISE. G. M.Corcos. 
Douglas Rep. SM-23114, Mar., 1958. 39 pp. Theo- 
retical and experimental investigation to explain 
in simple terms how ejectors, corrugated nozzles, 
and multiple nozzles modify the turbulent mixing 
of a jet so as to generate less aerodynamic noise. 
These types are shown to have less aerodynamic 
noise than corresponding plain nozzles because 
they decrease the turbulence levels in the mixing 
region. This is accomplished by accelerating the 
ambient air before it is mixed with the jet. Thus, 
a sheath of flowing air decreases the lateral jump 
in the mean axial velocity which is responsible for 
the turbulence level in the mixing region. Experi- 
ments at low speed with corrugated nozzles and 
ejectors are then reported. Mean velocity profiles 
and turbulence surveys are obtained. The results 
are in good agreement with the expectations and 
provide strong support for the hypothesis. 


GROUND REFLECTION OF JET NOISE. Ap- 
pendix A, B - INDICATED SOUND-PRESSURE- 
LEVEL SPECTRA. Appendix C - AUTOCORRE- 
LATION COEFFICIENT. W. L. Howes. US, 
NACA TN 4260, Apr., 1958. 56 pp. 12 refs. The- 
oretical and experimental investigation on the ef- 
fect of the reflecting plane on the propagation of 
jet noise. From the theoretical characteristics of 
far-field acoustic decay a correction-to-free-field 
procedure is developed for data obtained in the 
presence of a plane. Measurements of jet noise 
indicated the practical significance of reflections. 
Several theoretical predictions were confirmed 
from experimental decay curves and corrected 
spectra. 


METHODES D'INSONORISATION DES AVIONS 
DE TRANSPORT ET SPECIALEMENT DU BIRE- 
ACTEUR S. E. 210 CARAVELLE. M. Kobrynski. 
La Recherche Aéronautique, Mar.-Apr., 1958, pp. 
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33-39. 10 refs. In French. Description of meth- 
ods for the acoustical insulation of transport air- 
craft and particularly the twin jet S. E. 210 Cara- 
velle. Noise levels for cruising flight of several 
aircraft types are given graphically for forward 
and aft zones of the cabin, and frequency spectra 
of piston, turbojet, and turboprop power plants are 
compared. Includes evaluation of the engine posi- 
tion and weight considerations. 


ACOUSTIC, THRUST, AND DRAG CHARAC- 
TERISTICS OF SEVERAL FULL-SCALE NOISE 
SUPPRESSORS FOR TURBOJET ENGINES. C. C. 
Ciepluch, W. J. North, W. D. Coles, and R. J. 
Antl. US, NACA TN 4261, Apr., 1958. 48 pp. 

10 refs. Experimental investigation of turbojet-ex- 
haust noise suppressors on nonafterburning engines 
of the 10, 000-pound-thrust class. Acoustic meas- 
urements were made around an outdoor thrust 
stand. Thrust and drag measurements were obtain- 
ed over a range of flight speeds and altitudes inthe 
Lewis altitude wind tunnel. Results indicate that, 
during aircraft take off, the peak noise levels from 
the 12-lobe and ejector mixing nozzles are the 
lowest; the observed levels being 5 to 6 decibels 
less than those attained with the standard nozzle. 
Up to a flight Mach Number of 0.5, most of the 
decrease in propulsive thrust results primarily 
from internal thrust losses. 


AERODYNAMICS 


Aerothermodynamics 


ON THE AERODYNAMIC HEATING OF BLUNT 
BODIES. E. R. van Driest. NorthAm. Av. MD 58-6 
(AFOSR TN 57-732) [AD 136716], Nov.1, 1957. 3lpp. 10 
refs. Calculation of the heating rate for blunt bodies 
in high-speed flight, and discussion of the phenomenon 
of transition. An analysis of the problem with 
transpiration cooling is presented, and mass trans- 
fer as a means of alleviating turbulent heating is 
described. Observations of velocity data near the 
wall of a pipe indicate that an inner stability region 
exists adjacent to the wall where the turbulent 
eddies and Reynolds stresses alter the laminar ve- 
locity profile. The inner viscous region decreases 
strongly with cooling. It is shown that the analysis 
of heat transfer for turbulent flow with blowing or 
suction reduces to the problem of joining the lam- 
inar sublayer and the fully turbulent zone. The 
friction and heat transfer coefficients for flat plates, 
spheres, and cylinders are calculated. The ratios 
of the friction and heat-transfer coefficients with 
mass transfer to those without mass transfer for 
the flat plate are given in graphical form along with 
the stagnation region of the sphere and the cylinder. 


LAMINAR HEAT TRANSFER ON BLUNT-NOSED 
BODIES IN THREE-DIMENSIONAL HYPERSONIC 
FLOW. R. Vaglio-Laurin. Polytech. Inst. Bklyn., 


is negligible even for large transversal pressure 
gradients. Frgm this a rapid method for estimat- 
ing the heat transfer over the nose portion of arbi- 
trary three-dimensional blunt bodies in hypersonic 
flight is derived. This method reduces the bound- 
ary-layer problem to the determination of the in- 
viscid streamline pattern onthe surface of the body; 
a procedure for obtaining these streamlines from 
a pressure distribution measurement is outlined. 


EVAPORATION INTO A BOUNDARY LAYER, 
Ernest Bauer and Martin Zlotnick. Avco Res. & 
Adv. Devel. Div., RAD U-58-14, May 7, 1958. 

6 pp. Determination of the evaporation rate of a 
solid (or liquid) evaporating into a stream of gas 
flowing across its surface. Chemical reactions 
are neglected. The processes of evaporation and 
diffusion are considered in turn. It is shown that 
at the surface there is no x-component of drift ve- 
locity; therefore,convection in the x-direction is 
not considered. An approximate numerical estima- 
te of the relative humidity is obtained. The imme- 
diate application is to the problem of aerodynamic 
heat transfer in hypersonic flight. 


THE CALCULATION OF THE WALL TEMPER- 
ATURE ALONG SURFACES WHICH ARE EXPOSED 
TO A FLUID STREAM WHEN THE LOCAL HEAT 
FLOW THROUGH THE SURFACES IS PRESCRIBED, 
E. R. G. Eckert, J. P. Hartnett, and Roland 
Birkebak. USAF WADC TR 57-315 [AD 118333], 
May, 1957. 24 pp. Presentation of a method ap- 
plicable to either laminar or turbulent boundary 
layer flow with zero pressure gradient. Calculation | 
procedures are shown for several heat rate distri- 
butions. 


THE INTERACTION OF SHOCK WAVES WITH 
SMALL PERTURBATIONS. I, Il. S. P. D'iakov. 
(Zhurnal Teoret. i Exper. Fiz., Oct., 1957, pp. 
948-974.) Sov. Phys.-JETP, Apr.,,1958, pp. 729- 
749. Translation. Analysis within the framework 
of the two-dimensional stationary problem inwhich 
the flow behind the shock is considered as super- 
sonic in the first case and subsonic in the second 
case. In the first case the general results are ap- 
plied to the study of the interaction with weak dis- 
continuities, weak shock waves, and with the inter 
face between two media of slightly different acous- 
tical properties. In the second case a solution is 
given for the interaction of weak and weak-tangen- 
tial discontinuities with the shock wave. In both 
subsonic cases the weak-tangential discontinuity 
formed behind the shock wave possesses a specific 
logarithmic discontinuity. 


ON MASS TRANSFER NEAR THE STAGNATION 
POINT. E. R. van Driest. North Am. Av. Mis- 
sile Devel. Div. Rep. AL-2553 (AFOSR TN 57-458) 
[AD 136449], June 1, 1957. 20 pp. Computation of 


Dept. Aero. Eng. & Appl. Mech. TR (AFWADC 
TN 58-147) [AD 155588], May, 1958. 29 pp. Ana- 
lytical considerations and comparisons with known 
exact solutions indicate that in the presence of 
highly cooled surfaces and of moderate outer flow 
Mach Numbers the crossflow in the boundary layer 
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heat transfer with blowing near the stagnation point 
by analyzing the problem for the flat plate without 
pressure gradient and converting the solution to 
that for the stagnation region of spheres and cylin- 
ders; assuming incompressible flow. The friction 
on a flat plate is obtained from the momentum inte 
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gral taking into account mass transfer. The veloc- 
ity profile is approximated in order to facilitate in- 
tegration. The local friction and heat transfer 
coefficients are plotted. A graphical representation 
of the ratios of the friction and heat-transfer coef- 
ficients with mass transfer to those without mass 
transfer for the flat plate, the stagnation regionof 
the sphere, and the cylinder is given. 


Flow of Fluids 


COMPRESSIBLE FLUIDS IN STEADY TWO- 
DIMENSIONAL SUBSONIC FLOW. G. Power and 
P. Smith. Appl. Sci. Res., Sect. A, No. 5, 1958, 
pp- 357-368. Analysis of adiabatic flow past a 
large number of profiles, which can be obtained as 
accurately as desired,even when approaching sonic 
speed, by considering the correct differential e- 
quations for steady two-dimensional subsonic flow 
and making successive approximations to their so- 
lutions. Examples are given and results compared 
with those obtained by other means. A way of con- 
structing channels suitable for subsonic flow at 
high speed is also indicated. Finally a method of 
estimation by upper and lower bounds is suggested. 


FONCTIONS THETAELLIPTIQUES ET DZETA- 
ELLIPTIQUES; APPLICATION AU CALCUL DE 
L'ECOULEMENT AUTOUR DE L'AILE CONIQUE. 
Robert Legendre. France, ONERA Pub. 91, 1958. 
73 pp. In French. Definition of theta- and zeta- 
elliptic functions and application to the calculation 
of flow around thin conical wings in uniform super- 
sonic flow. The definition and the study of proper- 
ties of elliptical functions and integrals are per- 
formed without the use of Jacobi or Weierstrass 
functions in order to model the process of calcu- 
lation according to that used for rational integrals. 


APPROXIMATE METHOD FORCALCULATION 
OF OGIVE-CYLINDER AERODYNAMIC CHARAC - 
TERISTICS. F. W. Fenter. (Quart. Rev. Bum- 
blebee Activ., Jan.-Mar., Apr.-June, 1957.) 

Johns Hopkins U., APL BB Rep. 270, 1958, pp. 
23-29. Derivation and substantiation of a new ap- 
proximate method applicable to a large class of 
aerodynamic body contours. The correction pro- 
cedure used extends the applicability of the gener- 
alized shock-expansion method. Accuracy and re- 
liability of the developed formulas are determined 
by comparing aerodynamic characteristics comput- 
ed by this new method with the "exact" solution 
computed by the method of characteristics. It is 
concluded that the new approximate method is nu- 
merically simpler and more accurate than other 
known approximate methods. It enables pressure 
distributions on nonlifting ogive-cylinders to becal- 
culated accurately over a wide range of Mach Num- 
bers and ogive fineness ratios. 


THE PRESSURE DRAG DUE TO TURBULENT 
SEPARATION ON BODIES OF REVOLUTION WITH 
VARYING BOUNDARY LAYER THICKNESS. E.G. 
M. Petersohn. Sweden, Flygtekniska Férséksan- 
Stalten, FFA Medd. 75, 1957. 9 pp. Investigation 
of the effect of the boundary layer thickness onthe 
flow separation over the rear portion of bodies of 
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revolution by pressure measurements. Areduction 
of the boundary layer thickness was obtained by 
reducing the length of the turbulent region. A de- 
scription of the models and the testing procedure 
is made. Results indicate that the pressure drag 
due to flow separation is independent of the Rey- 
nolds Number. For slender bodies there seems 
to exist a tendency for the pressure drag to de- 
crease with decreasing boundary layer thickness. 
For less slender tails with strong separation, the 
latter tendency can hardly be traced. 


EXACT SOLUTION OF THE NEUMANN PROB- 
LEM; CALCULATION OF NON-CIRCULATORY 
PLANE AND AXIALLY SYMMETRIC FLOWS A- 
BOUT OR WITHIN ARBITRARY BOUNDARIES. | 
A. M. O. Smith and Jesse Pierce. Douglas Rep. 
ES-26988, Apr. 25, 1958. 106 pp. 28 refs. De- 
velopment of a general method for solving the Neu- 
mann or second boundary-value problem, and ap- 
plication of the method to the calculation of low- 
speed flows about or within bodies of almost any 
shape, provided the flow is either plane or has ax- 
ial symmetry. The method is capable of dealing 
with several bodies at once in the presence of an- 
other, and consequently interference problem can 
be treated with ease. Boundaries need not be 
solid -i.e., flow involving area suction can be cal- 
culated. Velocities can be computed not only for 
points on the surface of the body but for the entire 
flow field. A surface source distribution is used 
as the basis for the solution. This leads to a Fred 
holm integral equation of the second kind which 
is solved as a set of algebraic equations, usually 
by a modified Seidel method. The solution is pro- 
grammed on the IBM 704 EDPM to solve the flow 
about any body that has the previously mentioned 
characteristics and whose profile can be defined 
by no more than 300 coordinate points. 


ON THE HYDRODYNAMIC STABILITY OF 
CURVED LAMINAR FLOWS. M. Lessen. ZAMM, 
Mar. -Apr., 1958, pp. 95-99. AFOSR-supportedin-_ 
vestigation of the stability of curved laminar com- 
pressible flows indicating that, under certain con- 
ditions, instabilities can exist in the flow field a- 
round bodies moving at high speed. The general 
disturbance equations are derived, and some sim- 
plified cases are discussed. Factors influencing 
stability are pointed out for both compressible and 
incompressible cases. 


ON SOME FUNDAMENTALS IN MAGNETO- 
FLUID-MECHANICS. E. E. Covert. MIT NSL 
TR 247, Mar., 1958. 300 pp. 94 refs. Derivation 
of the basic equations of magneto-fluid-mechanics 
from kinetic theory for a gas consisting of neutral 
particles, positive particles, and electrons. These 
equations are normalized, and the characteristic 
parameters are illustrated. The fluid properties 
are calculated, and a summary of their values is 
given. Some examples of elementary magneto- 
fluid mechanical flows are given to illustrate the 
basic behavior of these flows. The problem of add- 
ing energy to a gas by magneto-fluid mechanical 
means is discussed and it is concluded that these 
means are practical only at high power densities. 
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A device which absorbs such power densities and 
generates a plasma is discussed theoretically, and 
some preliminary experimental results from this 
device are given. 


COMBUSTION OF A GAS INJECTED INTO A 
HYPERSONIC LAMINAR BOUNDARY LAYER 
(Aerophysics Research Memo No. 9). G. W. Sutt- 
on. G-E MOSD TIS R58SD218, Jan., 1958. 29 pp. 
Analysis of the structure of a laminar boundary 
layer at a stagnation point of a blunt-nosed body 
traveling at hypersonic velocities in air for the 
case of area mass transfer cooling with combustible 
gas. The continuity, momentum, energy, and dif- 
fusion equations are simplified in accordance with 
the usual assumptions. The temperature andlocal 
mass fractions are shown to be linear in the tan- 
gential component of velocity, except at the reac- 
tion zone. Results indicate that for smallinjection 
rates, the use of a combustible gas may lead to 
temperatures which are higher than the recovery 
temperature of the flow. With increasing injection 
rates, the flame front is removed from the surface 
and the wall temperature decreases. Acomparison 
of results to the case of injection of a noncombus- 
tible gas is made. It is shown that more combusti- 
ble than noncombustible gas is required to maintain 
a given wall temperature, but the percentage de- 
creases as the ratio of wall temperature to recovery 
temperature decreases. 


MEASUREMENT OF THE EFFECT OF AN 
AXIAL MAGNETIC FIELD ON THE REYNOLDS 
NUMBER OF TRANSITION IN MERCURY FLOWING 
THROUGH A GLASS TUBE. Michel Bader and 
W.C. A. Carlson. US, NACA TN 4274, May, 
1958. 8 pp. Experimental investigation which 
shows that the application of the magnetic field pro- 
duced very little change in Reynolds Number of 
transition when large initial disturbances were in- 
troduced at the entrance to the flow tube. However, 
the magnetic field increased the Reynolds Number 
of transition by as much as 10% at Reynolds Num- 
bers between 5,000 and 8, 000 when only slight in- 
stabilities were present; at lower Reynolds Num- 
bers this increase was not observed. 


THE INSTABILITY OF A PINCHED FLUID WITH 
A LONGITUDINAL MAGNETIC FIELD. M. Krus- 
kal. Royal Soc. (London) Proc., Ser. A, June 3, 
1958, pp. 222-237. Analysis of the stability of a 
pinched plasma equilibrium with a longitudinal 
magnetic field superimposed on the characteristic 
azimuthal magnetic field of the pinch current. The 
linearized solutions are developed as helical per- 
turbations of the plasma surface. The behavior of 
these is given for the different cases of a uniform 
longitudinal field, a longitudinal field zero inside 
the plasma, and for helices of the same and opposite 
sense to the helix which describes the total mag- 
netic field. It is concluded that the longitudinal 
field has the effect of stabilizing short-wave per- 
turbations, but that some long-wave perturbations 
remain unstable no matter how large the external- 
ly imposed longitudinal magnetic field. 


THE INTERACTION OF A PLANE STRONG 
SHOCK WAVE WITH.A STEADY MAGNETIC FIELD, 
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Appendix A, B - ONE-DIMENSIONAL FLOW WITH 
MOMENTUM LOSS FOR AN IDEAL GAS. Appen- 
dix C - DESCRIPTION OF SOME INTERACTION 

EXPERIMENTS. J. H. deLeeuw. UTIA Rep. 49, 


Mar., 1958. 80 pp. 13 refs. Theoretical investi- 
gation of some aspects of the interaction of a mag- 
netic field and the flow of ionized and electrically 
conductive argon, as it may be produced in the 
shock tube by strong shock waves. Three different 
configurations are considered. The axial compo- 
nents of the ponderomotive forces that act on the 
gas as a result of its motion through the magnetic 
field are calculated for each of the configurations 
considering the shock tubes as having nonconductive 
walls. The behaviour of the gas under the action 
of the ponderomotive forces is determined by con- 
sidering the flow to be one-dimensional. Results 
indicate that the use of ideal gas relations is inade- 
quate to give even an approximate indication of the 
real flow. Includes determination of limiting con- 
ditions beyond which shock waves can not be re- 
flected off the magnetic field. It was found that, 

at a given pressure level, reflected shock waves 
can occur only over a limited range of Mach Num- 
bers of the incident shock wave. 


THE STRUCTURE OF A HYDROMAGNETIC 
SHOCK IN STEADY PLANE MOTION. G. S. S. 
Ludford. U. Md. Inst. Fluid Dynamics & Appl. 
Math. TN BN-131 (AFOSR TN 58-418) [AD 158221], 
Apr., 1958. 26 pp. Analysis of the steady plane 
motion of an electrically conducting perfect viscous 
gas in the presence of a magnetic field in its own 
plane, made on the basis of classical continuum 
theory. The local behavior of the gas at a shock 
is studied by considering transitions in which all 
quantities, as functions of one coordinate x alone, 
change from finite initial values at x = - & to finite 
final values atx = too. The equations of motion 
are derived. It is shown that a transition flow 
in an electrically conducting fluid of vanishingly 
small viscosity contains a gas-dynamical shock 
only if the final state is subsonic, in whichcase the 
whole adjustment region lies upstream of the shock. 


FLOW OF A VISCOUS LIQUID ON A ROTATING 
DISK. A. G. Emslie, F. T. Bonner, and L. G. 
Peck. J. Appl. Phys., May, 1958, pp. 858-862. 
Solution of the equations describing the flow and 
construction of characteristic curves and surface 
contours at successive times for initial fluid dis- 
tribution. Several assumption for analysis simpli- 
fication are made. It is shown that initially irreg- 
ular fluid distributions tend toward uniformity un- 
der centrifugation. Means of computing times re- 
quired to produce uniform layers of given thickness 
of given angular velocity and fluid viscosity are 
demonstrated. Edge effects on rotating planes with 
rising rims, and fluid flow on rotating nonplanar 
surfaces, are considered. 


AN EXPERIMENTAL INVESTIGATION OF THE 
FLOW PROPERTIES BEHIND STRONG SHOCK 
WAVES IN NITROGEN. H. F. Waldron. UTIA 
Rep. 50, Mar., 1958. 52 pp. 19 refs. Measure- 
ment of pressure, particle velocity, and speed of 
sound in the uniform region behind shock waves 
up to a Mach Number of 13. From the measured 
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quantities, the pressure, speed of sound, density, 
temperature, enthalpy and flow Mach Number are 
calculated. The experimentally determined values 
confirm the considerable deviation from the ideal 
gas theory as predicted when vibration and disso- 
ciation are included in the calculation of the ther- 
modynamic properties. The attenuation of a shock 
wave over a distance of 18 ft. from the diaphragm 
was investigated for a hydrogen-oxygen and a hy- 
drogen-oxygen-helium mixture as a driver gas. 
Spark ignition at the closed end of the tube wherea 
detonation wave was formed produced an attenuation 
of 3.2% of the incident shock Mach Number per ft. 
A technique approximating constant volume burning 
was found to attenuate the shock wave at the rate of 
1.3% per ft.; when cold hydrogen was used the at- 
tenuation was 0.8%. 


THE THICKNESS OF CYLINDRICAL SHOCKS 
AND THE PLK METHOD. H. C. Levey. Australia, 
ARL Rep. A.108, Jan., 1958. 27 pp. Study ofthe 
methods of solution for cylindrical shocks which 
occur when a viscous heat-conducting gas flows ra- 
dially in a plane. This is a singular perturbation 
problem in which the perturbing parameter is the 
reciprocal of the Reynold Number Reg of the flow. 
It is shown that for both inward facing shocks 
(source flow) and outward facing shocks (sink flow) 
the shock thickness is oforder Rz! s-l log (ReS?) 
where S is the shock strength. This is contraryto 
the results obtained by Lighthill's PLK method,and 
it is shown that this method fails when applied to 
singular perturbation problems in which the small 
parameter multiplies the highest derivatives. 


THE SHOCK PATTERN OF A WING-BODY 
COMBINATION, FAR FROM THE FLIGHT PATH. 
F. Walkden. Aero. Quart., May,1958, pp. 164-194. 
Analysis to determine the position and strength of 
the front shock wave at large distances from a 
wing-body combination, using a method developed 
by Whitham. The effects of interference between 
the flow over the body and the flow over the wing 
are included. In any direction the flow far from 
the wing-body combination is equivalent to the flow 
past a body of revolution determined from the con- 
figuration of the combination. The modified formu- 
las for unsteady flow are given and some results 
are evaluated for the combination of a body of revo- 
lution and a delta wing with subsonic leading edges. 


DER SENKRECHTE VERDICHTUNGSSTOSS AM 
GEKRUMMTEN PROFIL. J. Zierep. DVL Be- 
richt No. 51, Apr., 1958. 36 pp. Westdeutscher 
Verlag, Kéln & Opladen. In German. Analysis of 
perpendicular compression shocks occurring ona 
curved wall in stationary flow. The geometrical 
form of the shock in the wall zone is determined, 
and the flow in the vicinity of the wall and the shock 
is studied. For convex profiles, the analysis 
proves the existence of effects which have been ob- 
served experimentally; the importance of phenome- 
na in localized supersonic regions and for com- 
pressible cascade flows is emphasized. 


MOLECULAR APPROACH TO PROBLEMS OF 
HIGH-ALTITUDE, HIGH-SPEED FLIGHT. G. N. 
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Patterson. (NATO AGARD lith Wind-Tunnel & 


Model-Testing Panel, Scheveningen, July 8-12, 


1957.) NATO AGARD Rep. 134, July, 1957. 58pp. 


61 refs. Analysis of the effects of rarefaction and 
high temperatures on the flow of gases for high- 
speed flight purposes. Itis pointed out that flight at 
very high speed canonly occur at extreme altitudes. 
The zones of the upper atmosphere, the regimes 
of fluid mechanics based on considerations of rare- 
faction and temperature, and the modern experi- 
mental methods for investigations in some of these 
regimes are discussed. Rarefaction effects are 
described in terms of gas-surface interactions, 
free molecule flow and slip flow, and Newtonian 
flow is considered as an extension of free molecule 
motion. The effects of high temperature are indi- 
cated for both undissociated air and air in disso- 
ciation equilibrium, and the important effects of 
relaxation are outlined. 


AN INVESTIGATION OF THE FINE STRUC- 
TURE OF TURBULENT FLOWS. R. Betchov. 
(Quart. Rev. Bumblebee Activ., Jan. -Mar., Apr.- 
June, 1957.) Johns Hopkins U., APL BB Rep. 270, 
1958, pp. 38-42. Description of measurements 
made on the fine structure of turbulent flows ina 
tunnel designed to provide flow with a high eddy 
Reynolds Number and a low minimum observable 
motion. Some theoretical predictions, based on 
studies made by Kolmogoroff and Heisenberg, are 
made. Results of flow measurements are present- 
ed in graphical form and show that the gap between 
turbulence and molecular agitation is smaller than 
usually assumed. 


Internal Flow 


THE COMPRESSIBLE FLOW THROUGH CAS- 
CADE ACTUATOR DISCS. J. H. Horlock. Aero. 
Quart., May, 1958, pp. 110-130. 13 refs. Review 
of the theory of incompressible flow through two- 
and three-dimensional cascade actuator discs, and 
development of a parallel theory for subsonic com- 
pressible flow through actuator discs. Approxi- 
mate solutions for several examples are consider- 
ed, including a compressible shear flow through a 
two-dimensional cascade, and a compressible flow 
through an annular cascade of guide vanes. 


SECONDARY FLOWS IN AN AXIAL COMPRES- 
SOR. J. Valensi. Inst. Méc. Fluides, Lille, 
Final Rep. (EOARDC TR 58-40) [AD 154123], Nov. 
8, 1957. 6l pp. 19 refs. Depiction of the mean 
flow and investigation of secondary flow effects 
near the walls and through the blade passages by 
means of smoke visualization. A theoretical and 
experimental analysis of vorticity distribution is 
made. Analyses of the rotating stall flow pattern 
on a single stage axial compressor are made by 
means of dynamic stagnation, static pressure 
measurements,and smoke surveys. The results of 
both techniques are in good agreement. Smoke sur- 
veys appear to be of great assistance in the expla- 
nation of the rotating stall mechanism. They give 
a clear evidence of the three-dimensional pattern 
of the phenomenon which might be a determinant 
factor for the different characteristics of rotating 
stall. 
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INVESTIGATION OF THE EFFECTIVENESS 
OF A WINDMILL FOR IMPROVING FLOW UNI- 
FORMITY IN A DUCT. J. S. Murphy and D. W. 
Clutter. Douglas Rep. ES-26393, Oct. 8, 1957. 
102 pp. Description of tests to determine the ef- 
fectiveness of a freely rotating windmill in smooth- 
ing out nonuniform duct flow. The design of the 
windmill and the forces acting on it due tochanges 
in wind speed are discussed. Experimental results 
show the effect of blade angle and number of blades 
on the windmill's effectiveness in smoothing out a 
wide variety of disturbance profiles, both circum- 
ferential and radial. The 10-bladed windmill tested 
was about 50% effective in reducing the disturbances 
introduced by the distortion devices regardless of 
the type or amplitude of the disturbances. A 29% - 
solidity screen was investigated for comparison 
purposes. When compared on the basis of effec- 
tiveness per unit drag, the windmill devices were 
about six times better than the screen in smoothing 
out nonuniform duct flow, its main disadvantages 
being complexity and increased weight. 


INCOMPRESSIBLE FRICTION FACTOR, TRAN- 
SITION ANDHYDRODYNAMIC ENTRANCE LENGTH 
STUDIES OF DUCTS WITH TRIANGULAR AND 
RECTANGULAR CROSS-SECTIONS. E. R. G.Eck- 
ert and T. F. Irvine, Jr. USAF WADC TR 58-95 
[AD 151027], Apr., 1957. 29 refs. Investigation of 
air flowing with subsonic velocities through non- 
circular ducts, presenting measurements on 
friction factors, critical Reynolds Number, and 
hydrodynamic entrance lengths. Data are obtained 
on a 23° isosceles triangle and a rectangle having 
a breadth to depth ratio of three. Results show 
that contrary to measurements by Nikuradse, the 
friction factors for developed flow in the laminar 
range followed analytical predictions. In the turbu- 
lent range, the Blasius relation based on the hy- 
draulic diameter describes the experimental results 
satisfactorily. Transition is found to depend on 
entrance conditions. The measurements indicate 
that the use of a momentum correction term to e- 
valuate entrance pressure losses for the two duct 
shapes investigated is accurate to within 15%. 


A PERFORMANCE ANALYSIS OF METHODS 
FOR HANDLING EXCESS INLET FLOW AT SU- 
PERSONIC SPEEDS. D. P. Hearth and J. F. Con- 
nors. US, NACA TN 4270, May, 1958. 26 pp. 
Comparison of techniques which are examined and 
evaluated in terms of their respective thrust pen- 
alties for an assumed turbojet engine over a Mach 
Number range from 1. 5to 4.0. These are: normal- 
and oblique-shock spiliage, bypassing through an 
auxiliary exit, bypassing to an ejector exhaust noz- 
zle, and bypassing the excess flow through an aux- 
iliary ramjet engine. Charts are presented for 
estimating these penalties for a range of mass 
flows and Mach Numbers. 


THE FLOW OF A SUPERSONIC JET IN A SU- 
PERSONIC STREAM AT AN ANGLE OF ATTACK. 
F. E. Ehlers and Torstein Strand. J. Aero/Space 
Sci., Aug., 1958, pp. 497-506. Solution of the 
linearized equations for the flow of a supersonic 
jet at a small angle of attack in a supersonic 
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stream using the Laplace-transform theory. The 
role of the parameter k in the reflections from the 
boundary is stated. If k=1, for two dimensions 
there are no reflections from the jet interface, and 
the jet aligns itself with the original undisturbed 
flow in a finite distance. For k > 1 and zero angle 
of attack, the jet interface for the symmetrical so- 
lution oscillates between positive and negative 
slope, but for k<1 the slope decreases monotoni- 
cally. The angle of attack term, however, indi- 
cates a waving boundary only for k< 1. The three- 
dimensional solution has no oscillations of the 
boundary if k=1. Simple relations are obtained 
for the perturbation velocity potentials near the 
Mach cone from the rim, and far downstream of 
the jet exhaust. The pressure discontinuity decay 
takes the form of 1/Vr along the Mach line from 
the rim of the jet. The influence of the tube length 
before the cylindrical jet exhaust on the deflection 
of the jet due to the angle of attack is described. 


Jet Flaps & Wings 


AN INVESTIGATION OF THE EFFECTS OF 
THICKNESS, CAMBER AND NOSE RADIUS ON 
THE PERF-ORMANCE OF JET-FLAPPED AERO- 
FOILS. J. A. Beasley. Gt. Brit., RAE TN Aero. 


2534, Oct., 1957. 18 pp. ll refs. Calculation of 
pressure distributions by Kiichemann's method for 
six airfoils with jets blowing over 15% flaps, de- 
flected 60°. A qualitative assessment of the effi- 
cacy of several airfoil parameters in preventing 
flow separation near the leading edge is made. The 
effects of varying jet deflection angle and incidence 
are also discussed. A comparison between the 
pressure distributions of two airfoils of 12% and 
24% thickness-chord ratios shows that considerable 
thickness is essential for the attainment of very high 
lift coefficients. Camber and a large nose radius 
are shown to be beneficial but cannot by themselves 
make a thin airfoil practicable for high, lift coef- 
ficients, and should be regarded only as a means 
of improving the performance of a very thick air- 
foil. A negative effective incidence may be advan- 
tageous, since this produces a reduction in the 
leading edge suction peak. 


THE THEORETICAL EVALUATION OF THE 
DOWNWASH. BEHIND JET-FLAPPED WINGS. 
A. J. Ross. Gt. Brit., RAE Rep. Aero. 2599, 
Jan., 1958. 45 pp. Evaluation of the downwash 
behind jet-flapped wings of infinite and finite span, 
using the solutions given by Spence and Maskell for 
the flow in two and three dimensions, respectively. 
The wing incidence and jet deflection are assumed 
to be small, and the spanwise loading on the finite 
wing elliptic. The wake is considered to be a flat 
sheet. Charts are given for the functions required 
in the calculation of the downwash for four specific 
values of jet momentum coefficient. Theoretical 
results for the downwash on the center line are 
given for a wing of aspect ratio 6.0, showing vari- 
ation with tailplane position, wing incidence, and 
jet parameters. Calculated values of the downwash 
are in good agreement with the available experi- 
mental results. 
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Stability & Control 


DIE STRUKTURELLE STABILITAT LINEARER 
EINLAUFIGER PID-REGELKREISE MIT DIFFE- 
RENZIERENDER WIRKUNG VON HOCHSTENS 
ZWEITER ORDNUNG. S. Lehnigk. DFL Inst. 
Flugmech. Bericht 81, May 12, 1957. 78 pp. 17 
refs. In German. Study of the structural stability 
of a linear continuous PID control loop with maxi- 
mum second-order differentiating effects. Includes 
definitions and mathematical descriptions of the 
PID loop (Proportional-Integrating - Differentiating 
loop) and formulation of the stability problem. Nec- 
essary conditions for the existence of a stability 
region are derived for a structure characterized 
by a given polynomial. Examples of applications 
are also presented. These include (a) aircraft lon- 
gitudinal control and (b) stability of sailplanes under 
given flight conditions with change in flying velocity 
and dependence of longitudinal motion. 


Wings & Airfoils 


THE CALCULATION OF LIFT SLOPES, ALLOW 
ING FOR BOUNDARY LAYER, WITH APPLICA- 
TIONS TO THE RAE 101 AND 104 AEROFOILS. Ap- 
pendix - CIRCULATION IN THE WAKE. D. A. 
Spence and J. A. Beasley. Gt. Brit., RAE Rep. 
Aero. 2598, Feb., 1958. 29 pp. 15 refs. Presen- 
tation of a simplified method to calculate the loss 
of lift below the ideal flow value caused by the 
boundary layer. The percentage of the ideal lift 
developed is calculated for the RAE 10] and 104 air- 
foils with thickness/chord ratios of 6,10, and 15% 
in each case, at Reynolds Numbers of 108, 107, 
and 108. The majority of the calculations are made 
with & = 2°, anda few cases with a= 4° and 6° 
are included for comparison. The location of tran- 
sition is treated as an external parameter. Good 
agreement exists between prediction and measure- 
ment for the 10% thick 101 section tested by Brebner 
and Bagley. 


EXPERIMENTS ON THE EFFECTS OF AIR 
JETS AND SURFACE ROUGHNESS ON THE STALL- 
ING CHARACTERISTICS OF A 5 FT. CHORD 
NACA 64A006 AEROFOIL. D. G. Hurley, R. A. 
Wallis, and Mary Calame. Australia, ARL Rep. 
A.107, Dec., 1957. 48 pp. ll refs. Investigation 
showing that spanwise rows of air jets or suitably 
controlled roughness located near the leading edge 
lead to appreciable increases in the nose stalling 
incidence of the airfoil with resulting improvements 
in its lift, drag, and pitching moment characteris- 
tics. Air jets or roughness used on the lower sur- 
face reduced the laminar separation bubble to mi- 
nute proportions and air jets on the upper surface 
led to a small delay in turbulent separation. 


ON THE LIFT AND INDUCED DRAG ASSOCIAT- 
ED WITH LARGE DOWNWASH ANGLES. H. S. 
Ribner. UTIA TN 19, Jan., 1958. 20 pp. Evalua- 
tion by means of a momentum balance of the lift 
and induced drag for an arbitrary wing-wake vortex 
pattern with a large downwash. The entire induc- 
tion effect of the wake is found to be representable 
asa "generalized" induced drag vector parallel to the 
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asymptotic trailing vortex direction. The vertical 
component of this drag constitutes a nonlinear con- 
tribution to lift. A possible similar behavior of 
the parasite drag is indicated. The Jones low-as- 
pect-ratio wing theory has been reformulated to 
apply to large angles of attack; it gives complete 
agreement with the momentum balance results. 


GENERAL SOLUTIONS FOR FLOW PAST 
SLENDER CAMBERED WINGS WITH SWEPT 
TRAILING EDGES AND CALCULATION OF ADDI- 
TIONAL LOADING DUE TO CONTROL SURFACES, 
E. B. Klunker and K. C. Harder. US, NACA TN 
4242, May, 1958. 55 pp. 12 refs. Analysis to ob- 
tain general expressions for the surface pressure, 
lift, and rolling moment of cambered wings with. 
swept trailing edges. These results are specialized 
to give the additional loading due to the deflection 
of trailing-edge control surfaces and the loading 
due to a particular type of wing twist. In contrast 
to flat-plate wings, cambered surfaces (or wings 
with control surfaces) support a load downstream 
of the maximum span of the wing where the slope 
of the leading edge is equal to or less than zero, 
The pressure distribution and the streamwise lift 
and rolling-moment distribution are discontinuous 
across the plane normal to the stream direction 
passing through the wing maximum span unless the 
slope of the wing leading edge is continuous and 
zero at this chordwise station, 


AEROELASTICITY 


AEROELASTISCHES KOLLOQUIUM. I - RE- 
CHENVERFAHREN ZUR LOSUNG AEROELAS- 
TISCHER AUFGABEN FUR PLATTENARTIGE 
FLUGEL UND FUR DAS GANZE FLUGZEUG. 

H. G. Kissner. II - FLATTERRECHNUNGEN FUR 
MODERNE FLUGZEUGE MIT VIELEN FREIHEITS- 
GRADEN. A. I. van de Vooren. III - DIE SINN- 
VOLLE EINFUHRUNG DER IM STANDSCHWIN- 
GUNGSVERSUCH GEMESSENEN GROSSEN IN DIE 
FLATTERRECHNUNG. G. de Vries. IV - EINI- 
GE FLATTERRECHNUNGEN FUR QUERRUDER 
MIT HYDRAULISCHER SERVOSTEUERUNG. E. 
Gruschwitz. V - EXPERIMENTELLE BESTIM- 
MUNG DER AERODYNAMISCHEN BEIWERTE 
SCHWINGENDER FLUGEL. H. Bergh. VI - BE- 
STIMMUNG INSTATIONARER LUFTKRAFTE BEI 
M = 0 MIT HILFE ELEKTRISCHER ANALOGIE 
(POTENTIALTANK). H. Merbt and S. Hansson. 
Vil - STANDSCHWINGUNGSVERSUCH AN EINEM 
SEGELFLUGZEUG MIT ELEKTRONISCHEN MESS- 
GERATEN. J. Schoen. (Aerolastisches Kolloqui- 
um, Géttingen, Apr. 16, 17, 1957.) Max-Planck- 
Inst. Strémungsforschung & Aero. Versuchsanst., 
Mitteil. No. 18, 1958. 180 pp. 28 refs. DM17. 
In German. I - Presentation of calculation tech- 
niques for solving the problems of aeroelasticity 
applied to the case of a thin, short wing and that of 
the entire aircraft. The wing is considered as a 
flat plate with distributed point loads representing 
the continuous loading. Includes derivation of the 
integral-equation method and of the Rayleigh-Ritz 
and Galerkin equations, as well as presentation of 
numerical examples. II - Calculation of flutter 
characteristics for a large transport aircraft, der- 
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ivation of a simplified method, as well as discus- 
sion of the use of ground vibration tests, with a 
comparison of theoretical and measured values. 

III - Discussion covering the introduction of meas- 
ured values obtained from static vibration tests 
into the flutter calculation, including derivation of 
a simplified method. IV - Presentation of flutter 
calculations for an aileron with hydraulic servocon- 
trol. V - Experimental determination of aerody- 


namic coefficients for an oscillating wing. VI - 
Calculation of nonstationary air forces for M= 0 
by means of an electric analog; derivation of the 
basic theory and method for the two-dimensional 
case; and description of the measuring techniques, 
as well as results for the case of a rectangular 
wing. VII - Description of an installation for stat- 
ic vibration experiments and application to glider 
tests. 


INVESTIGATION OF A METHOD FOR THE 
MEASUREMENT OF SUBSONIC OSCILLATORY 
AERODYNAMIC INFLUENCE COEFFICIENTS. 

H. N. Abramson and P. A. Beckmann, Jr. USAF 
WADC TR 57-736 [AD 142201], Dec., 1957. 68 pp. 
14 refs. Presentation of results from wind tunnel 
tests conducted on a rigid two-dimensional wing 
model to determine the oscillatory pressures at 
various points on the planform resulting from a 
pulsating downwash source at a fixed point on the 
planform. The pulsating downwash is produced by 
a specially designed apparatus and pressures are 
recorded by means of differential pressure trans- 
ducers and electronic recording equipment. Test 
results are compared with theoretical predictions, 
in so far as these are available. It is concluded 
that the experimental method developed during this 
program is a feasible one for the measurement of 
oscillatory aerodynamic influence coefficients. 


K VOPROSU O VYNUZHDENNYKH PSEVDO- 
GARMONICHESKIKH KOLEBANII STERZHNEI S 
UPRUGO-PLASTICHESKIMI OPORAMI. V. A. 
Ivovich. AN SSSR Dokl., Mar. 1, 1958, pp.42-45. 
In Russian. Investigation of the problem of forced 
pseudoharmonic oscillations of rods resting on re- 
silient supports. Includes derivation of the equa- 
tion of motion and description of the method in 
which the external harmonic force is replaced by 
a force obeying a time-variation law similar tothe 
pattern of natural oscillations. A characteristic 
of the problem is that the variation pattern of the 
selected function approximating the exciting force 
is similar to the trigonometric for small values of 
nonlinear terms. The approximate solution, obtain- 
ed by this method for the harmonic case, appears 
to be sufficiently accurate for practical application 
in the field of free oscillations for all values of the 
amplitude, as well as in the case of small ampli- 
tude. 


CALCUL ET ESSAIS DE FLOTTEMENT EN 
SOUFFLERIE ET EN AIR LIBRE SUR AILES SEM - 
BLABLES. H. Loiseau. La Recherche Aéronau- 
tique, Mar.-Apr., 1958, pp. 13-18. In French. 
Description of flutter calculations and wind-tunnel 
and free-atmosphere tests on geometrically and 
structurally similar wings with two degrees of free 
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dom. 


Results of theoretical calculations, windtun- 
nel tests on single wings, and flight tests on winged 
models are discussed and compared. . The need for 
model flight tests to supplement wind tunnel exper- 
iments is emphasized, and an evaluation of the 
magnitude of errors is made. 


ETUDE DU FLOTTEMENT EN REGIME TRANS- 
SONIQUE. G. Coupry andG. Piazzoli. La Re- 
cherche Aéronautique, Mar.-Apr., 1958, pp. 19- 
28. In French. Description of experiments carried 
out at ONERA and covering the effect of shock thick 
ness and motion on aerodynamic coefficients of a 
thick symmetrical profile at zero incidence. In- 
cludes development of a method applied (a) for an 
upstream Mach Number at infinity slightly greater 
than unity, (b) to calculate the shock recoil for a 
profile at steady incidence, and (c) to calculate out- 
of-phase magnitude for shock movement in relation 
to flap moment for various reduced frequencies. 


BENDING AND VIBRATION OF ELASTICALLY 
RESTRAINED CIRCULAR PLATES. C. L. Kan- 
tham. Franklin Inst. J., June, 1958, pp. 483-491. 
10 refs. Analysis of a general boundary condition 
involving a linear relation between moment and 
slope at an edge, so that the simply supported and 
completely fixed edge conditions form the limiting 
cases. The constant of proportionality is the elas- 
tic restraint factor, which is a measure of the de- 
gree of fixture, varying from zero to positive in- 
finity. Values of deflection and natural frequency 
are determined for intermediate values of the elas- 
tic restraint factor. Curves are given to determine 
the elastic restraint for a circular plate by measur- 
ing the deflection at the center in one case, and the 
frequencies in the other case. It is shown that in 
bending and vibration problems the values for the 
two limiting cases of simply supported edge and 
clamped edge are reached asymptotically. 


AIRPLANES 
De sign 


IMPORTANCE OF SHAPE OF STRINGER SEC- 
TION IN PRESSURE-CABIN DESIGN. D. Williams. 
Gt. Brit., RAE TN Struc. 234, Mar., 1958. 8 pp. 
Study showing that the effectiveness of the stringers 
in restricting the radial expansion of the cabin skin 
between frames depends upon the shape of the 
stringer cross-section. Some stringer sections 
are not suitable for providing the necessary support 
because a sideways twisting action prevents the stif- 
fness from being exerted. It is shown for an angle 
section that, under the inward radial pull of the 
frame or band, the bending stiffness of the stringer 
never comes into action. Other stringer sections 
that are equally unfavorable are the channel andthe 
straight L section. The top-hat type of section does 
not suffer from any of the above disabilities and 
is admirably suited to the task of holding down the 
skin between bands. 


AVIATION MEDICINE, SPACE MEDICINE 


ZUR PRAXIS DER FLIEGERTAUGLICHKEITS- 
UNTERSUCHUNG. I - MITTEILUNG: DER SAUER- 
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STOFFMANGEL ALS BELASTUNGSUNTERSU- 
CHUNG ZUR ERMITTLUNG DESSUMMENWERTES 
DER LEISTUNGSRESERVE. H. Briiner and K. 
Dietmann. DVL Bericht No. 60, Apr., 1958. 21 
pp- 21 refs. Westdeutscher Verlag, Kéln & Opla- 
den. In German. Discussion of methods for in- 
vestigating the fitness of airmen,covering (a) the 
use of oxygen deprivation as stress-inducing means 
in evaluating total reserves of mental and manipu- 
lative ability and (b) application of the "ball-test" 
apparatus to assess the ability of a subject ina 
chamber simulating given altitudes. Includes deri- 
vation and analysis of typical performance curves. 


ELECTRONICS 


Semiconductors 


VALENTNYE POLUPROVODNIKI - GERMANII 
IKREMNI. G.I. Fen. Uspekhi Fiz. Nauk, Apr., 
1958, pp. 733-779. In Russian. Survey of data on 
the characteristics of germanium and silicon crys- 
tals. Includes: evaluation of the semiconductor 
theory, ideal crystals, perturbation of the crystal 
lattice, electron distribution, effective mass; prop- 
erties of crystals, crystal lattice, optical proper- 
ties and dielectric constant, magnetic properties, 
effective mass and structure of the energy zone, 
impurities, crystal lattice flaws; conductivity phe- 
nomena, general theory, conductivity and Hall ef- 
fect, thermoelectromotive force, conductivity in 
the case of strong fields, low temperature, and 
high frequency; and problems related to the biased 
electron distribution. 


FUELS & LUBRICANTS 


THEORETICAL ROCKET PERFORMANCE OF 
LIQUID METHANE WITH SEVERAL FLUORINE- 
OXYGEN MIXTURES ASSUMING FROZEN COM- 
POSITION. Sanford Gordon and M. E. Kastner. 
US, NACA RM E58B20, May 20, 1958. 44 pp. 15 
refs. Calculation of theoretical rocket perform- 
ance for frozen composition during expansion of 
liquid methane with several fluorine-oxygen mix- 
tures over a range of pressure ratios and oxidant- 
fuel ratios. Parameters included are specific im- 
pulse, combustion and exit temperatures, molecu- 
lar weight, characteristic velocity, coefficient of 
thrust, area ratio, specific heat, isentropic expo- 
nent, viscosity, thermal conductivity, and combus- 
tion compositions. The calculated values of the 
various performance parameters for a combustion 
pressure of 600 psia and for a range of oxidant- 
fuel ratios and exit conditions are tabulated for a 
range of fluorine-oxygen ratios. The maximum 


value of specific impulse calculated for achamber 


pressure of 600 psia and an exit pressure of 1 at- 
mosphere is 315.3 for 79.67% fluorine in the oxi- 
dant. 


THEORETICAL PERFORMANCE OF LIQUID 
AMMONIA WITH LIQUID OXYGEN AS A ROCKET 
PROPELLANT. Sanford Gordon and A. R. Glueck. 
US, NACA RM E58A2I1, May 12, 1958. 84 pp. 29 
refs. Calculations of both equilibrium and frozen 
composition during expansion for two chamber 
pressures (300 and 600 psia), and a wide range of 
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pressure ratios (1 to 1, 500) and oxidant-fuel ratios 
(0. 564 to 7.046). The parameters included are 
specific impulse, specific impulse in vacuum, com 
bustion-chamber temperature, nozzle-exit tem- 
perature, molecular weight, molecular-weight de- 
rivatives, characteristic velocity, coefficient of 
thrust, ratio of nozzle-exit area to throat area, 
specific heat at constant pressure, isentropic ex- 
ponent, viscosity, thermal conductivity, Mach 
Number, and equilibrium gas compositions. The 
maximum value of specific impulse for a chamber 
pressure of 600 psia and an exit pressure of one 
atmosphere is 278.7 and 269.3 assuming equilibri- 
um and frozen composition, respectively. 


MISSILES 


GENERAL VARIATIONAL THEORY OF THE 
FLIGHT PATHS OF ROCKET-POWERED AIR- 
CRAFT, MISSILES AND SATELLITE CARRIERS. 
Appendix A - REMARKS ON THE VERTICAL 
FLIGHT OF A ROCKET TRAVELLING IN AN ISO- 
THERMAL MEDIUM. Appendix B - THE FLIGHT 
PATHS OF INTERCEPTOR MISSILES. Angelo Miele 
Purdue U. Sch. Aero. Eng. Rep. A-58-2 (AFOSR 
TN 58-246) [AD 154148], Jan., 1958. 63 pp. 16 
refs. Presentation of a basic theory for analyzing 
the optimum flight paths of rocket-powered aircraft, 
missiles, and satellites. The problem with three 
degrees of freedom is considered; it consists of 
the simultaneous optimization of the time history 
of lift, thrust modulus, and thrust direction. Spe- 
cial problems involving either one or two degrees 
of freedom are investigated by the introduction of 
additional constraining equations. For some of 
these problems closed form expressions are deriv- 
ed for the optimizing conditions. Furthermore, a 
complete formulation of the boundary conditions is 
supplied by means of the general transversality 
condition of the calculus of variations. 


THE EMPLOYMENT OF AERODYNAMIC 
FORCES TO OBTAIN MAXIMUM RANGE OF A 
ROCKET MISSILE. D. F. Lawden. Aero. Quart., 
May, 1958, pp. 97-109. Analysis considering the 
programing of the thrust direction for a missile in 
order to obtain maximum range over a flat earth 
by the most favorable use of the aerodynamic forces 
for the special case when these forces are small 
in comparison with the missile weight. Thecases 
of a V-2-type missile with and without lift are 
dealt with in detail, and numerical results are 
computed. 


OPTIMUM THRUST PROGRAMMING ALONG 
ARBITRARILY INCLINED RECTILINEAR PATHS. 
Angelo Miele and C. R. Cavoti. Purdue U. Sch. 
Aero. Eng. Rep. A-57-8 (AFOSR TN 58-48) [AD 
148088], Dec., 1957. 25 pp. Analysis of a rocket- 
powered vehicle moving along an arbitrarily inclin- 
ed rectilinear path, and determination of the burn- 
ing program which minimizes an arbitrarily specifi- 
ed function of the initial and final values for mass, 
velocity, and altitude. It is shown that the totalily 
of extremal arcs includes zero-thrust sub-arcs, 
sub-arcs to be flown with maximum engine output, 
and variable-thrust sub-arcs. General solutions 
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are derived for the optimizing condition, embodying 
as a particular case previously developed work. 
The analysis is confined to problems not involving 
time, but can be extended to cover the case where 
time condition is imposed on the flight trajectory. 
The optimum acceleration law is determined, and 
some numerical examples are presented which em- 
phasize the engineering aspects of the present theo- 
ry in connection with the flight analysis of rockets. 


ANGLE OF ATTACK CONVERGENCE OF A 
SPINNING MISSILE DESCENDING THROUGH THE 
ATMOSPHERE. H. I. Leon. J. Aero/SpaceSci., 
Aug., 1958, pp. 480-484. Derivation of the angu- 
lar motion of a spinning missile descending through 
an exponential atmosphere for the case of small 
angles of attack. It is found that the angle of attack 
envelope is increased during re-entry for a spin- 
ning missile over that for a nonspinning one. For 
an initial attitude error and no wobble or tumble 
rate, the angle of attack envelope is increased over 
nonspinning re-entry by an amount dependent on 
the spin rate, altitude, plus trajectory and missile 
parameters. The effect of initial tumble rates at 
spin-up generates a wobble, which gives rise to a 
nutation during re-entry. 


VERTICAL DESCENT TRAJECTORIES INCLUD 
ING RE-ENTRY INTO THE ATMOSPHERE. Ap- 
pendix - COMPUTER PROCEDURES. Reinhard 
Krause and W. F. Haldeman. USAF MDC TR58-4 
[AD 135011), Mar., 1958. 8l pp. Calculation of 
trajectories for bodies descending vertically through 
the atmosphere,fora wide range of initial altitudes 
and body characteristics to provide information re- 
quired for design purposes. Parameters and equa- 
tions, as well as the method of calculation by means 
of an analog computer, are discussed. The results 
are plotted as velocity vs. altitude and time vs. 
altitude. 


TRAJECTORY DETERMINATION OF A SUPER- 
SONIC BODY BY ACOUSTICAL OBSERVATIONS. 
G. V. Groves. J. Atmos. & Terrestrial Phys., 
No. 1, 1958, pp. 17-25. Development of a theory 
for deriving the trajectory of a body moving at su- 
personic speeds through the atmosphere, from ob- 
servations on the times of arrival of its shock wave 
at a number of microphones at known points on the 
ground, wind and temperature effects being taken 
into account. It is shown that with 3n + 4 micro- 
phones,the position, velocity, and acceleration up 
to the nth derivative of the spatial coordinates of 
the body with respect to time can be found at some 
determined instant of time. Hence,with seven mi- 
crophones, the position and velocity of the body at 
a certain instant of time can be found. 


NAVIGATION 


ELEKTRISCHE MESSVERFAHREN IN DER 
GEODASIE. J. Lorentz and K. Brocks. DVL 
Bericht No. 54, Apr., 1958. 107 pp. 262 refs. 
Westdeutscher Verlag, Kéln & Opladen. In Ger- 
man. Survey of classical applications of electri- 
cal measuring systems to geodesy, description of 
the operation of these systems, as well as review 
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of various methods and evaluation of their accuracy. 
Electrical techniques include those combined with 
optical systems where electrical instruments are 
used for timing, recording, or signaling the arriv- 
al of light impulses. The potentialities and limita- 
tions of radar systems for distance measurement 
are discussed with reference to Decca and Shoran 
systems. 


NUCLEAR ENERGY 


DIRECT CYCLE NUCLEAR TURBOJET POWER 
PLANTS. E. L. Semple and W. C. Cooley. 
Aero/Space Engrg., Aug., 1958, pp. 30-35. A- 
nalysis to estimate the effects of some of the im- 
portant design parameters on the flight performance 
and to outline some of the characteristics of the 
direct cycle nuclear power plant. The power-plant 
weight is investigated in order to estimate the 
thrust/weight ratio attainable with the nuclear tur- 
bojet. The relationship between engine thermody- 
namic cycle and the core diameter of the reactor 
is determined by considering the heat-transfer 
characteristics of the reactor core. Series of 
graphs show the effect of each of the independent 
variables required on the power-plant thrust/ 
weight ratio. Two of the most significant factors af- 
fecting the aircraft capabilities are the turbine inlet 
temperature and the reactor free flow fraction; 
both should be as high as possible to obtain the 
maximum thrust/weight ratio. 


BESONDERE BRENNSTOFFVERTEILUNGEN 
UND KUHLUNGSPROBLEME IN REAKTOREN 
VON KERNRAKETEN. F. Winterberg. Astronau- 
tica Acta, Fasc. 2, 1958, pp. 138-165. InGerman. 
Discussion of special fuel distribution and cooling 
problems in rocket nuclear reactors. It is shown 
that favorable fuel distributions are those that 
result in a constant density of expended energy in 
the core of the reactor, and others,where the sur- 
face temperature of the cooling channels remains 
constant. Includes some numerical examples. 


PHYSICS 


DIFFUSION AND ELASTIC COLLISION LOSSES 
OF THE "FAST ELECTRONS" IN PLASMAS. G. 
Medicus. J. Appl. Phys., June, 1958, pp. 903-908. 
Evaluation of experimental data for the mean free 
path @ of the fast electrons by means of the diffusion 
law. It is found that @ is independent of the plas- 
ma density and is about equal to the value calculat- 
ed from the cross-section function for 10-16 volt 
electrons in Ne. The diffusion law also allows the 
calculation of the elastic collision losses of the 
fast group; they are found to be relatively ‘small 
compared to the total energy losses of the fast e- 
lectrons. An example of the overall validity of the 
diffusion law is shown in graphicalform. The most 
remarkable result is the low interaction of the fast 
groupwith the Maxwellian group at low total plasma 
densities where the partial density of the slow 
group is always comparable to or even much higher 
than the fast group. 


ISSLEDOVANIE PLAZMY PRI POMOSHCHI 
MIKRORADIOVOLN. M. D. Raizen andl. S. 
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Shpigel'. Uspekhi Fiz. Nauk, Apr., 1958, pp. 641- 
667. 55 refs. In Russian. Evaluation of micro- 
radiowave methods for plasma investigations show- 
ing possible approaches to the study of various phe- 
nomena occurring in plasma and presentation of 
data on the behavior of charged particles. The ana- 
lysis covers conductivity and dielectric constant of 
ionized gases; resonator, wave-guide, and cross- 
modulation methods; determination of ambipolar 
diffusion coefficients, recombination, and frequen- 
cies of electron collision; and experimental results. 


V - STATISTICAL MECHANICS OF MATTER 
IN AN ELECTROMAGNETIC FIELD MOMENTUM 
BALANCE OF SYSTEMS WITH MAGNETIZATION 
AND POLARIZATION. S.R.Grott. Leiden U. Rep. 
(AFOSR TN 58-232) [AD 154135], Jan., 1958.19 pp. 
Classical statistical derivation of the macroscopic 
momentum balance equation for an uncharged fluid 
with magnetization and polarization in an external 
electromagnetic field. The classical equations of 
motion of the spinless electrons and nuclei are de- 
rived from a Lagrangian, first given by Darwin. 
The classical statistical formalism is used to derive 
the momentum balance of the system. Expressions 
for pressure and ponderomotive force of the fluid 
are defined in terms of averages over miscroscop- 
ic quantities. 


STABILITY STUDIES WITH LONGITUDINAL 
MAGNETIC FIELD ON A STRAIGHT PINCHED 
DISCHARGE. L. C. Burkhardt, R. H. Lovberg, 

G. A. Sawyer, and T. F. Stratton. J. Appl. Phys., 
June, 1958, pp. 964-967. Determination of the ef- 
fect of a longitudinal magnetic field on instabilities 
in a linear pinched discharge. The two classes of 
particular interest are those for which m = 0, and 
m =1; Experiments indicate that the characteris- 
tic ™= 0 short wave length instabilities are sup- 
pressed by Bz fields, and that pinch lifeis length- 
ened. Measurements with.a system of magnetic 
probes indicate that the remaining instability is a 
long wave length # = 1 helix, Image converter pho- 
tographs of the pinch development and the short 
wave length instabilities are presented. 


POWER PLANTS 


PRELIMINARY DESIGN STUDY OF THE PRC 
WAVE ENGINE. Propulsion Res. Corp. Rep. 
R-284 (AFOSR TR 58-55) [AD 154207], Feb., 1958. 
30 pp. Preliminary design studies of the PRC 
wave engine, as well as selection of a configuration 
for a model engine to conduct feasibility tests and 
to determine mechanical problems and real fluid 
effects associated with this type of engine. Initial 
layouts for the engine and test rig are presented. 
Mechanical and aerothermodynamic problems are 
considered. Stress studies were made of the mod 
el engine designed for 1, 000 hours life at a maxi- 
mum cycle temperature of 3,000 R. and rotational 
speeds up to 33,000 r.p.m. The most severe con- 
ditions occurred at 7,650 r.p.m. and the maximum 
rotational speed of 33,000 r.p.m. The overall 
weights of the model engine are calculated,and the 


layout of a fuel metering system is shown in graph- 
ical form. 
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APPLICATION OF THE CLOSED CYCLE PRIN- 
CIPLE TO AIRCRAFT AUXILIARY POWER 
PLANTS. XI - INVESTIGATION OF THE INFLU- 
ENCE OF THE FLOW FACTOR ON TURBINE EF- 
FICIENCY. R. Tognoni and W. Spillmann. E- 
scher-Wyss TN 7, vol. XI, Rep. Sp-AK-57-043 
(EOARDC TR 58-35) [AD 152244], July 21, 1957. 

9 pp. Discussion of a means for stage reductions 
in the compressor of a helium system, assuming 

equal tip speeds, by increasing the flow factors of 
the turbine. 


PRELIMINARY SURVEY OF PROPULSION 
USING. CHEMICAL ENERGY STORED IN THE UP- 
PER ATMOSPHERE. Appendix A, B - COMPAR- 
ISON OF TABULATED PHYSICAL PROPERTIES 
AND CHEMICAL-ENERGY SOURCES OF UPPER 
ATMOSPHERE. Appendix C - COMPARISON OF 
ENERGY AVAILABLE WITH ENERGY REQUIRED 
FOR FLIGHT. Appendix D - HEAT TRANSFER 
AND FRICTION DRAG. J. F. Schmidt. Appendix 
E - NORMAL-SHOCK ORBITING RAMJET CYCLE. 
Appendix F - CHEMICAL KINETICS OF RECOM- 
BINATION. L. V. Baldwin and P. L. Blackshear. 
US, NACA TN 4267, May, 1958. 73 pp. 24 refs. 
Study of a ramjet using the chemical energy of dis- 
sociated molecules in the ionosphere for propulsion. 
The physical properties and the chemical composi- 
tion of the upper atmosphere are reviewed; the ex- 
ternal drag, recombination kinetics, and aerody- 
namic heating problems of an orbiting ramjet are 
analyzed. A comparison of maximum thrust and 
external drag for an orbiting ramjet from 300, 000 
to 700,000 ft. shows that a possible net-thrust mar- 
gin might be obtained over the entire region for 
some of the engine sizes considered. The region 
between 325,000 and 400, 000 ft. is the most favor- 
able, because high gas densities produce high re- 
combination rates. Approximate calculations of 
the rate of recombination indicate that up to 50% 
recombination is:possible for a 100-ft. -long nozzle 
which would give thrust in excess of the drag. 


PROPULSIVE PROPERTIES OF HIGH INTENSE 
TY PLASMA JETS. Appendix A - GENERAL 
ROCKET EQUATIONS. Appendix B - THERMO- 
DYNAMIC ANALYSIS. Appendix C - GASDYNAM- 
IC FLOW ANALYSIS OF PLASMA JET. Appendix 
D - MAGNETIC’ FORCES ON AN ARC. A. C. Du- 
cati and G. L. Cann. Giannini Res. Lab. TR 9 
(AFOSR TN 57-748) [AD 136736], Feb. 21, 1958. 

138 pp. Development of a continuously operating 
plasma generator and experimental investigation 

of high intensity ionic propulsive jets. A prelimi- 
nary investigation of the propulsive properties indi- 
catedthatthe specific impulses of 200 and 500 could 
easily be obtained for argon and helium, respective- 
ly, as a result of the direct transfer of electrical 
energy to the gas. Electrode and nozzle configura- 
tion are found to have a definite effect on the ratio 
of internal energy in the gas to ionization energy at 
the front exit area. Practically all of the energy 
in the form of nonequilibrium ionization can be as- 
sumed to be transferred to the random particle mo- 
tion and direct kinetic energy of the gas. The ra- 
diated energy is included to some extent in the en- 
ergy absorbed by the cooling system. 
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A PRELIMINARY INVESTIGATION OF AN A- 
TOMIC-OXYGEN POWER PLANT. Appendix A - 
INTENSIVE PROPERTIES OF UPPER ATMOS- 
PHERE. Appendix B - EQUILIBRIUM COMPOSI- 
TIONS OF AIR AS A FUNCTION OF TEMPERA- 
TURE, PRESSURE, AND COMPOSITION OF UP- 
PER ATMOSPHERE. Appendix C - RECOMBINA- 
TION RATES OF ATOMIC OXYGEN. S. T. Deme- 
triades and C. B. Kretschmer. Aerojet-Gen. TN 
23 (AFOSR TN 58-325) [AD 154229], Mar. 4, 1958. 
50 pp. 28 refs. Theoretical design of anatomic- 
oxygen power plant of the ramjet type andattempt 
to maximize its thrust. Estimates of the aerody- 
namic drag are presented, and the calculations at 
orbital velocity (8 x 10°? cm. /sec.) are given special 
emphasis. It is shown that flight at orbital speeds 
can only be sustained if the radius of the power 
plant is greater than its length. A purely catalytic, 
atomic -oxygen power plant would require an effective 
length several times greater than the inlet radius 
and therefore cannot fly at orbital speeds. Flight 
at low speeds (M<10) is not easily practicable 
because the structure of the vehicle has to weigh 
in the order of 0.01 gm. /cm® of lift-producing sur- 
face. However, flight of an atomic-oxygen ramjet 
at orbital speeds becomes feasible if the drag can 
be reduced by a factor of 10 or more and if the 
total recombination rate can be increased by a fac- 
tor of 10 or more. 


Jet & Turbine 


CALCULATION OF FLUID FLOW IN A VARIA- 
BLE-AREA CAN COMBUSTOR. F. Falk, J. J. 
Zelinski, and E. C. Bagnall. (Quart. Rev. Bum- 
blebee Activ., Jan.-Mar., Apr.-June, 1957.) 
Johns Hopkins U., APL BB Rep. 270, 1958, pp. 
14-18. Development of a method for calculating the 
effect of flameholder geometry upon the flow pa- 
rameters for fluid flow without heat release. The 
calculation was performed for flow through a two- 
dimensional can combustor with matching hole pat- 


terns in two plates. Three cases were considered: 
(a) jets dissipating immediately upon passing 
through the holes, (b) jets flowing at constant entry 
angle and dissipating after one stage, and (c) jets 
bending under the influence of the main stream and 
dissipating only if they penetrate to the centerline 
of the configuration. The experimental measure- 
ments used to verify the methods of calculation 
include mass flow rate, static pressure at station 
zero, total temperature at station zero, static 
pressure distribution downstream of the can-type 
combustor, and hardware geometry. 


FACTORS GOVERNING THE IGNITION DELAY 
OF GASEOUS FUELS. Appendix - THE APPLI- 
CATION OF SECOND ORDER REACTION RATE 
THEORY TO THE PROBLEM OF SPONTANEOUS 
IGNITION. R. E. Miller. Gt. Brit., NGTE Rep. 
R.216, Mar., 1958. 39 pp. 12 refs. Investigation 
of the variation in ignition delay with temperatures, 
taking into account variations in the concentration 
of fuel, oxygen, and steam. The results indicate 
that ignition delay is inversely proportional to the 
oxygen index, independent of fuel concentration 
for the weak mixture considered here, decreases 
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exponentially with temperature, and that the addi- 
tion of steam causes an increase in ignition delay. 


Rocket 
EXHAUST NOZZLE CONTOUR FOR OPTIMUM 


THRUST. G. V. R. Rao. (ARS Semi-Annual Meet- 
ing, San Francisco, June 10-13, 1957.) Jet Propul- 


sion, June, 1958, pp. 377-382. Development of a 
method for designing the wall contour of anoptimum 
thrust nozzle by applying the calculus of variations. 
The nozzle length, ambient pressure, and flow con- 
ditions in the immediate vicinity of the throat appear 
as governing conditions under which the thrust on 
the nozzle is maximized. Isentropic flow is assum- 
ed,and the variational integral of this maximizing 
problem is formulated by considering a suitably 
chosen control surface. Typical nozzle configura- 
tions are presented in graphical form. The solution 
of the variational problem yields certain flow prop- 
erties on the control surface, and the nozzle con- 
tour is constructed by the method of characteristics 
to give this flow. A comparison of thrust coeffi- 
cients indicates that the advantage of contoured noz- 
zles is greater at larger area ratios. 


PROPELLERS 


AERODYNAMIC TIP THEORY OF A SUPER- 
SONIC PROPELLER. R. W. Hale. Cornell U., 
Grad. Sch. Aero. Eng. Rep. (AFOSR TN 58-355), 
Feb., 1958. 67 pp. 18 refs. Analysis of the tip 
effects of a supersonic propeller by using the ap- 
proximate potential for a "helical" source develop- 
ed by Ordway in an extension of the tip theory of 
Evvard and Krasilshchikova for wings in ordinary 
rectilinear supersonic flow. The blades are as- 
sumed to be lightly-loaded and attached to an infinite 
cylinder as a hub, whose diameter is large enough 
to make the relative flow velocity supersonic over 
the entrie blade if the forward speed is subsonic. 
An integral equation for the required source distri- 
bution in the upwash region is derived. The poten- 
tial for a point in the tip region can be obtained in 
terms of anintegration of known source distributions 
over the blade surface only. The case of atwisted 
flat-plate blade with a symmetric tip is considered 
and the pressure distribution over the tip region is 
calculated. 


RESEARCH, RESEARCH FACILITIES 
Wind Tunnels 


VERRINGERUNG DES LEISTUNGSBEDARFS 
UND KONTINUIERLICHE REGELMOGLICHKEIT 
FUR DIE STRAHLGESCHWINDIGKEIT BEI TRIEB- 
WERKSWINDKANALEN MIT FREISTRAHLMESS- 
STRECKE. Egbert Riester. ZFW, May, 1958, 
pp. 129-142. 23 refs. In German. Analysis of 
two types of wind tunnel designs for reducing the 
power requirements and for controlling the speed 
of wind tunnels with an open test section to test jet 
engines. One type is designed to run at sonic 
speeds and consists essentially of a nozzle and an 
external tube of slightly larger diameter; super- 
sonic speeds are obtained with the other type. If 
the pressure behind the nozzle is too low, a second 
rhombus for measurement is formed in the free 
jet, with velocities and dimensions greater than 
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those of the nozzle rhombus. The velocity of flow 
can steadily be controlled by changing the back- 
pressure. 


FLOW VISUALISATION TECHNIQUES APPLIED 
TO COMBUSTION PROBLEMS. E. F. Winter. 
RAeS J., Apr., 1958, pp. 268-276. Investigation 
of flow in continuous combustion systems by the 
method of direct flow visualization through trans - 
parent models in which water takes the place of 
air. The Thornton hydraulic flow apparatus and 
the experimental technique are described. Appli- 
cations of the visualization technique and its limita- 
tions are discussed. 


A SUMMARY OF EXPERIMENTS WITH SLOT- 
TED TRANSONIC INSERTS IN THE NAVAL SU- 
PERSONIC LABORATORY WIND TUNNEL. E. E. 
Covert. MIT NSL TR 207, Apr., 1958. 72 pp. 

25 refs. Application of a set of transonic nozzle 
blocks to anormally supersonic tunnel under certain 
geometric restrictions. Calibration indicates that 
a useful Mach Number range between 0.5 and 1.3 
and that the distribution is relatively uniform. The 
measurements indicate that for bodies with a block- 
ing area up to 1.5% of the tunnel area, the slots 
deblock as expected by the theory. Models with 

a length of two-thirds of the tunnel height or 

less, and whose span is 45% of the tunnel height or 
less,may be tested on a developmental basis, pro- 
vided a correction is made for a flow inclination. 


ROTATING WING AIRCRAFT, HELICOPTERS 


A REDUCTION METHOD FOR THE FORWARD 
TAKE-OFF OF A SINGLE ROTOR HELICOPTER. 
M. C. Neale. Gt. Brit., AAEE Rep. Res/297, 
Dec. 20, 1957. 23 pp. Presentation of a method 
for reducing observed helicopter take-off perform- 
ance measurements to standard conditions and for 
estimating the effect of changes inwind speed, en- 
gine power, gross weight, and climb speed. The 
correction for wind changes is obtained from a 
consideration of the relative air velocities during 
the different stages of take-off. By the use of 
charts, changes in the other variables are related 
to changes in the value of the thrust/weight ratio 
which are used with further charts to determine 
the corrected flight path. A short illustration of a 
simple application of the method is made. 


FLIGHT INVESTIGATION OF EFFECTS OF 
RETREATING-BLADE STALL ON BENDING AND 
TORSIONAL MOMENTS ENCOUNTERED BY A 
HELICOPTER ROTOR BLADE. L. H. Ludi. US, 
NACA TN 4254, May, 1958. 23 pp. Description of 
flight tests with a medium-size single-rotor heli- 
copter, one blade of which was equipped with strain 
gages, to determine the effects of retreating-blade 
stall on the rotor blade bending and torsional mo- 
ments during high-speed flight and pull-up maneu- 
vers. Results indicate that in high-speed steady 
flight, retreating-blade stall can cause large in- 
creases in the periodic moments encountered by a 
helicopter rotor. The torsional moments and the 
vibratory bending moments in the highly stalled 
condition are three times as great as inthe unstalled 
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condition. The increased moments, particularly 
the torsional moments, cause increased periodic 
control loads and increased vibration in the heli- 
copter control system, and thereby tend to restrict 
the high-speed operating limits of future -hhelicop- 
ters. Pull-up maneuvers are found to produce es- 
sentially the same results as the high-speed steady- 
flight condition. The higher harmonics can contrib 
ute as much as the lower harmonics to increased 
vibration and increased periodic control loads in 
the highly stalled condition. 


SPACE TRAVEL 


ERROR ANALYSIS OF KEPLERIAN FLIGHTS 
INVOLVING A SINGLE CENTRAL FORCE FIELD | 
AND TRANSFER BETWEEN TWO CENTRAL 
FORCE FIELDS. K. A. Ehricke. Navigation, 
Spring, 1958, pp. 5-23. Analysis of the effect of 
errors at cut-off on the flight path of an artificial 
comet. Motion in a central force field and escape 
from a planetocentric field into the heliocentric 
field are considered. Azimuthal error sensitivity 
increases with increasing speed. The heliocentric 
radial error sensitivity with respect to planetocen- 
tric errors is generally low. "Fast" orbits, which 
more or less steeply intersect the target orbit, 
are progressively less error sensitive the steeper 
the intersection becomes; simple "ballistic" flights 
to other planets require a degree of cut-off accu- 
racy which is technically unfeasible, thus making 
correction maneuvers en route and upon approach- 
ing the target necessary. 


LUNAR TRAJECTORY MECHANICS. L. G. 
Walters. Navigation, Spring, 1958, pp. 51-58. 
Discussion covering studies of the design and navi- 
gational aspects of translunar trajectories. A 
simple model of the earth-moon system, consisting 
of a planar representation of the Earth and Moon 
with each moving in a circular path about their 
common center of gravity, is used for design pur- 
poses. The role played by lunar motion in the guid 
ance mission for a high-energy trajectory is de- 
scribed. It is shown that as the velocity increases 
toward the design value, the impact point moves up 
the face of the Moon; for higher values the impact 
points begin to retreat. The computation associat- 
ed with the navigation problem is discussed. 


AN ANALYTICAL SOLUTION FOR FLIGHT 
TIME OF SATELLITES IN ECCENTRIC AND CIR- 
CULAR ORBITS. F.M. Perkins. Astronautica 
Acta, Fasc. 2, 1958, pp. 113-134. Derivation of 
the fundamental equations for the orbital lifetime 
and the altitude-time relationship of satellites in 
both circular and eccentric orbits. In the case of 
eccentric orbits, equations are developed for the 
rate of fall of perigee and apogee and the rate of 
approach to circular flight. The generalized solu- 
tions for orbital lifetime and the altitude vs. 
time relationships are compared with accurate re- 
sults obtained from stepwise integration of the tra- 
jectory equations of motion by high speed digital 
computing machines. The analytical approach 
makes possible the rapid solution of large families 
of trajectories and illustrates general principles 
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of satellite orbital behavior. Use of the generalized 
curves for the analytical solutions is not limitedto 
any one set of atmospheric density vs. altitude 
data. These plots are dimensionless and hence 
applicable to any units of measure. 


STRUCTURES 


PHOTOELASTIC INVESTIGATION ON PLATES 
WITH SINGLE INTERFERENCE-FIT PINS WITH 
LOAD APPLIED (a) TO PIN ONLY AND (b) TO 
PIN AND PLATE SIMULTANEOUSLY. H.T. Jessop 
C. Snell, and G. S. Holister. Aero. Quart., May, 
1958, pp. 147-163. Test results which indicate 
that when varying loads are applied to the pin or 
the plate, the effect of the interference is to pro- 
duce a rise in the mean stress level at critical 
points on the hole boundary with a marked fall in 
the oscillatory stress. It appears that there isan 
optimum value for the "interference stress" for 
given applied loading conditions at which the endur- 
ance of the plate will have its highest value. When 
loads are applied simultaneously to pin and plate 
the critical stress on the hole boundary is found to 
be the mean of the stresses which would be produc- 
ed by the total load applied separately to the pin 
and to the plate. 


Bars & Rods 


TORSION OF CYLINDRICAL AND PRISMATIC 
BARS IN THE PRESENCE OF PRIMARY CREEP. 
Sh. A. Patel and K. A. V. Pandalai. Polytech. 
Inst. Bklyn., Dept. Aero. Eng. & Appl. Mech., 
PIBAL Rep. 417 (AFOSR TN 58-303) [AD 154213], 
Apr., 1958. 7 pp. Analysis of the primary creep 
behavior of cylindrical and prismatic bars inwhich 
the deformations are caused by pure torsion. The 
creep problem is reduced to one in nonlinear elas- 
ticity by means of the elastic analog. The solu- 
tions are presented in closed-form. 


Beams & Columns 


IMPULSIVE LOADING OF PLASTIC BEAMS 
WITH AXIAL CONSTRAINTS. P. S. Symonds and 
T. J. Mentel. J. Mech. & Phys. Solids, May,1958, 
pp. 186-202. Navy-sponsored analysis of the plas- 
tic deformation of simply supported clamped beams 
whose ends are prevented from displacing axially, 
and which are subjected to transverse impulsive 
pressure loading. It is shown that finite axial 
forces arise as soon as the beam acquires a finite 
deflection, and the transition is described from the 
initial simple beam behavior to the final stage where 
the deformations are governed primarily by cate- 
nary effects. When the loads are such that deflec- 
tions are of the order of the beam thickness, or 
greater, the treatment as a simple beam becomes 
unrealistic, the deflections being greatly reduced 
by the action of the axial force. Curves are pre- 
sented showing how the reduction depends on the 
span-depth ratio of the beam and on the intensity 
of loading. 


-A SUMMARY OF COMPRESSIVE-CREEP CHAR- 
ACTERISTICS OF METAL COLUMNS AT ELE- 
VATED TEMPERATURES. Appendix - COMPU- 
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TATION OF THE TIME-DEPENDENT TANGENT 
MODULUS FROM ISOCHRONOUS STRESS-STRAIN 
CURVES. R. L. Carlson and G. K. Manning. 
USAF WADC TR 57-96 [AD 151114], Apr., 1958. 57 
pp. 22 refs. Review of creep buckling incolumns, 
in which the column behavior prior to collapse is 
described and the column action at the time of buck- 
ling isinterpreted interms of stability. Solutions 
to creep buckling are discussed. It is concluded 
that in spite of certain limitations, Shanley's time- 
dependent tangent modulus method has several prac- 
tical advantages over available analytical solutions. 
An application of the time-dependent tangent-mod- 
ulus method to four structural metals indicates that 
estimates are consistently conservative for small 
values of column imperfection. 


Cylinders & Shells 


STABILITY OF CYLINDRICAL AND CONICAL 
SHELLS OF CIRCULAR CROSS SECTION, WITH 
SIMULTANEOUS ACTION OF AXIAL COMPRES- 
SION AND EXTERNAL NORMAL PRESSURE. 

Kh. M. Mushtari and A. V. Sachenkov. (Prikl. 
Mat. i Mekh., Nov.-Dec., 1954, pp. 667-674.) 


US, NACA TM 1433, Apr., 1958. 15 pp. Transla- 
tion. Determination of the upper limit of critical 
loads for cylindrical and conical shells under the 
combined action of uniform compression and iso- 
tropic external normal pressure. The differential 
equations for neutral equilibrium are solved for 
conical shells with simply supported boundaries. 
Approximate formulas are used for the determina- 
tion of the critical external normal pressure with 
simultaneous action of longitudinal compression, 
and their accuracy is discussed. 


Elasticity & Plasticity 


A GENERAL THEORY OF UNIQUENESS AND 
STABILITY IN ELASTIC-PLASTIC SOLIDS. 
R. Hill. J. Mech. & Phys. Solids, May, 1958, pp. 
236-249. Establishment of a sufficient condition 
for the uniqueness of the boundary-value problem 
set by given velocities on a part of the surface ofa 
body and given nominal traction rates on the re- 
mainder. The solution, when it is unique, is char- 
acterized by an extremum principle. Stability un- 
der dead loading is also examined, and a criterion 
is proposed. This has a formal resemblance tothe 
uniqueness criterion, but differs from it in a sig- 
nificant way when the body is partly plastic, so 
that stability and uniqueness need not be parallel 
properties. 


Fatigue 


A REVIEW OF THEORETICAL AND PRACTI- 
CAL METHODS OF ENSURING SAFETY FROM 
FATIGUE FAILURES IN AIRCRAFT IN FLIGHT. 
A. Hartman. (Netherlands, NLL Tech. Memo. 
M. 2008, 1957.) Gt. Brit., RAE Lib. Transl. 717, 
Feb., 1958. 45 pp. 60 refs. Review of published 
information about methods of experimental deter- 
mination and calculation (extrapolation) of safety 
for passenger aircraft from catastrophic failure 
due to service fatigue loads. The study is concern 
ed with the frequency distribution of the stresses 
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which occur, main attention being directed to the 
methods for testing and establishing safety factors. 
Consideration has been given to the significance of 
scatter, the strength remaining after a fatigue fail- 
ure has appeared, the speed at which such a frac- 
ture propagates, and the possibilities of establish- 
ing by inspection whether an incipient fatigue crack 
has formed. 


Plates 


BUCKLING PHENOMENA OF STIFFENED PAN- 
ELS. Syed Yusuff. J. Aero/Space Sci., Aug., 
1958, pp. 507-514. 19 refs. Investigation of the 
instabilities involved in the design of stiffened pan~ 
els forming compression surfaces. It is shown 
that three modes are largely encountered in com- 
pression panels - the first mode, associated with 
a long wavelength, is due chiefly to flexural defor- 
mation of the stiffeners; the second mode, which 
occurs in short wavelength, results mainly from 
the torsional restraining effects of the stiffeners; 
and the third mode is a combination of the first 
two modes. The presented theory is illustrated 
by the two commonly used methods of construction- 
namely, Z-stiffened panels of riveted construction 
and integral construction with unflanged stiffeners. 
An extensive analysis of test panels covering a wide 
range of configurations required to satisfy wing 
loading typical of modern aircraft is carried out. 


Rings 


PIERSCIEN KOLOWY POD WPLYWEM DZIA- 
ZANIA DANEGO OBCIAZENIA. Rozprawy Inzy- 
nierskie, Fasc.1,1958, pp.12-21.In Polish, with sum- 
maries in English and Russian. Analysis of the 
problem of an isotropic circular ring subjected to 
an arbitrary load on the inner and outer circle. 
Using the relations between the value of an analytic 
function at any point of a ring region and its real 
and imaginary part on the inner and outer circle, 
equations are derived for the unknown analytic 
function @(z) and F(z). 


Sandwich Construction 


ELASTIC INSTABILITY OF RECTANGULAR 
SANDWICH PANEL OF ORTHOTROPIC CORE 
WITH DIFFERENT FACE THICKNESSES AND MA- 
TERIALS. Appendix A - DETERMINATION OF 
NEUTRAL PLANE OF BENDING AND BENDING 
RIGIDITY. Appendix B - DERIVATION OF INTE- 
GRALS OF STRAIN AND POTENTIAL ENERGY. 
Ch. C. Chang and I. K. Ebcioglu. Minn. U. Inst. 
Tech. Dept. Aero. Eng. SSR Rep. 1 (AFOSR TN 
58-221) [AD 154122], Mar., 1958. 54 pp. 19 refs. 
Study of a sandwich panel whichis simply support- 
ed and loaded with edge compression. The differ- 
ential equations and corresponding boundary condi- 
tions are derived from the classical energy integral 
by means of the variational method. The solution 
is expressed in terms of the major buckling coef- 
ficient k , which is essentially the ratio of the crit- 
ical lateral buckling load to the critical cylindrical 
buckling load. A single family of curves is present- 
ed to show the behavior of k , vs. n/3(the aspect 
ratio of the panel) for all geometrical and physical 
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parameters of sandwich panels of currentinterest. 
The effect of different face temperatures on the 
maximum collapsing load can be interpreted from 
the theory. 


Thermal Stress 


THE FINITE TWISTING AND BENDING OF 
HEATED ELASTIC LIFTING SURFACES. Appen- 
dix A - EXPERIMENTAL APPARATUS AND METH- 
ODS. Appendix B - FUNCTIONS OF:STATE OF 
AN ELASTIC SHELL ELEMENT. R. L. Blispling- 
hoff. ETH Inst. fir Flugzeugstatik & Leichtbau, 
Mitteil. No. 4, 1958. 114 pp. 25 refs. Descrip- 
tion of theoretical and experimental investigations 
on the behavior of elastic lifting surfaces under 
finite twisting, finite bending, and heating condi- 
tions. The scope of the study is confined to very 
long elastic surfaces of rectangular planform. The 
theoretical approach is based upon the shallow shell 
theory of Marguerre, modified to include stiffened 
shells with temperature gradients over the surface 
and throughout the thickness. Thermal stresses 
are produced by the temperature gradients, andthe 
modulus of elasticity is affected by the temperature 
level. A discussion of the equations of state of an 
elastic shell element is presented. The equations 
of equilibrium and compatibility and the boundary 
conditions are stated. A survey of the variational 
conditions of equilibrium and of the energy criteria 
for stability of heatedelastic shallow shells is made. 
The theory is applied to two limiting cases of struc- 
tural arrangement; solutions are presented in each 
case for the finite twisting and bending of the sur- 
face in the presence of the chordwise temperature 
gradients. A brief discussion of linearized shallow 
shell theory in the presence of temperature gradi- 
ents is made. Experimental data are presented to 
confirm the theoretical results. 


PLANE WAVES IN AN ELASTIC SOLID CON- 
DUCTING HEAT. P. Chadwick and I. N. Sneddon. 
J. Mech. & Phys. Solids, May, 1958, pp. 223-230, 
12 refs. Analysis of the propagation of waves in 
an isotropic thermoelastic solid. It is shown that 
the shear waves are not influenced by thermal ef- 
fects but that two distinct dilatational waves do e- 
xist; one being similar in nature to a purely elastic 
longitudinal wave, but dispersed and attenuated by 
the medium, and the other being similar to a purely 
thermal wave. 


THERMODYNAMICS 


Combustion 


SPECIAL ISSUE: STROMUNG UND VERBREN- 
NUNG. BWK, June, 1958, pp. 257-299. 96 refs. 
In German. Contents: I - ZERSTAUBUNG UND 
TROPFENGROSSENVERTEILUNG; Ii - FLAM- 
MENBILDUNG, DIFFUSION UND VORGANGE IN 
DER GRENZSCHICHT; Ill - VERSUCHE AN MO- 
DELLEN UND GROSSAUSFUHRUNGEN VON BRENN- 
KAMMERN UND FEUERUNGEN. IV - EXTREME 
FALLE (KURZESTE ZEITEN, HOCHSTE GE- 
SCHWINDIGKEITEN, HOCHSTE TEMPERATUREN),. 
Compilation of 14 technical papers covering: I - 
Atomization and drop size distribution: micropho- 
tographic investigation of fuel sprays in combustion 
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chambers; measurement and representation of drop 
size distribution in a spray; drop sizes with turbu- 
lent atomization. II - Flame formation, diffusion, 
and boundary layer phenomena: combustion of liq- 
uid and solid fuels as boundary layer problems; 
stabilized core of a flame held through a drag body; 
the length of the diffusion flame with gaseous as 
well as atomized liquid and solid fuels; influence of 
auxiliary-gas addition on the stabilization of turbu- 
lent flames. III - Experiments with models andon 
full size combustion chambers and furnaces: ex- 
periments on high output tubular and annular com- 
bustion chambers with different operating conditions 
and fuels; model experiments on combustion cham- 
bers. IV - Extreme cases (shortest times, highest 
velocities, and highest temperatures): ignition in 
the shock tube; kinetic theory of flows of dissociat- 
ing gases; gasdynamic mixing phenomena andthrust 
increase through jet mixing. 


INFLUENCE DU BLOCAGE DE LA VEINE PAR 
LES ACCROCHE-FLAMMES SUR LES LIMITES 
D'EXTINCTION. G. Matton. La Recherche Aéro- 
nautique, Mar.-Apr., 1958, pp. 3-ll. U refs. In 
French. Investigation of the effect of throat block- 
ing by flame holders on the extinction limits. Using 
values obtained experimentally for pressure on the 
holder, the velocity along the mixture flow and the 
height of the wake are introduced into the formulas, 
thus leading to the correlation of extinction limits. 
The method allows precise determination of the 
aerodynamic characteristics of long cylindrical or 
toroidal obstacles. 


LONGITUDINAL COMBUSTION INSTABILITY 
IN A DUCT WITH OBLIQUE FLAME FRONT. Ap- 
pendix - ONE-DIMENSIONAL OSCILLATIONS IN A 
SUPERSONIC DIFFUSOR. Marcel Vinokur. Lock- 
heed Aircraft Missile Systems Div. Rep. LMSD- 
2346, Mar. 7, 1958. 118 pp. 25 refs. Reprint. 
Theoretical analysis of through-flow combustion 
leading to stability criteria applicable to realistic 
configurations. Only intrinsic, linear instability 
associated with longitudinal modes is considered. 
The flow equations are made quasi-one-dimension- 
al in each gas region and are then combined, using 
the relations which hold accross the flame front. 
An explicit solution of the steady state equation is 
obtained for the case of small Mach Number. E- 
quations governing small disturbances are obtained 
by means of a linearized, unsteady perturbation. 
The stability criterion can be expressed in a simple 
relation which exhibits the influence of each param- 
eter that can be varied. The dependence of these 
parameters on the chamber configuration is present- 
ed graphically for a typical case. Various end con 
ditions are investigated; the factors affecting the 
oscillations of heat release are considered. Results 
indicate that increasing the length of the flame re- 
gion in general has a stabilizing effect, and that 
configurations whose ends are either "open" or 
"closed" are usually stable if the combustion cov- 
ers over half the length of the chamber. 


EVIDENCE FOR THE WRINKLED CONTINUOUS 
LAMINAR WAVE CONCEPT OF TURBULENT BURN- 
ING. J. K. Richmond, W. F. Donaldson, D. S. 
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Burgess, and J. Grumer. (ARS 12th Annual Meet- 
ing, New York, Dec. 2-6, 1957.) Jet Propulsion, 
June, 1958, pp. 393-399. 17 refs. AFOSR-sup- 
ported presentation of measurements on flames by 
means of an electronic probe,a photometer, and 
smoke photography to show that a turbulent flame 
may contain a wrinkled continuous laminar combus- 
tion wave. Long, vertical, cylindrical burners 
were used in all experiments, with three different 
diameters: 0.5625, 1.25, and2in. Results indi- 
cate that the distributed reaction zone model ap- 
plies to conditions of incomplete burning within the 
flame brush. The transition from wrinkled wave 
to distributed reaction zone seems to correspond 
to the breakdown of full turbulent flames through 
the incidence of "holes." 


BASIC CONSIDERATIONS IN THE COMBUSTION 
OF HYDROCARBON FUELS WITH AIR. Appendix - 
PHYSICAL AND COMBUSTION PROPERTIES OF 
SELECTED FUELS. Ch. C. Graves, D. W. Bahr, 
W. E. Scull, W. R. Mickelsen, F. E. Belles, 

C. C. Swett, G. L. Dugger, D. M. Simon, Melvin 
Gerstein, R. S. Brokaw, P. L. Blackshear, Jr., 
W. D. Rayle, R. L. Schalla, and R. R. Hibbard. 
US, NACA Rep. 1300, 1957. 259 pp. 604 refs. 
Supt. of Doc., Wash., $2.25. Study in which basic 
combustion research is collected, collated, and 
interpreted as it applies to flight propulsion. The 
following fundamental processes are treated: atom- 
ization and evaporation of liquid fuels, flow and 
mixing processes in combustion chambers, ignition 
and flammability of hydrocarbon fuels, laminar 
flame propagation, turbulent flames, flame stabili- 
zation, diffusion flames, oscillations in combus- 
tors, and smoke and coke formation in the combus- 
tion of hydrocarbon-air mixtures. Theoretical 
background, basic experimental data, and practical 
significance of flight propulsion are presented. 


Heat Transfer 


THE COOLING OF A HOT SURFACE BY DROPS 
BOILING IN CONTACT WITH IT. Appendix - THE 
EFFECT OF SURFACE TENSION ON THE SPREAD- 
ING OF THE DROP OVER A SURFACE. P. Savic. 
Canada, NRC Div. Mech. Eng. Rep. MT-37, Apr., 
1958. 40 pp. 12 refs. Development of a theory 
describing the growth and subsequent collapse of a 
vapour bubble forming on the interface between a 
heated solid and a subcooled liquid. Scant informa- 
tion about the temperature field in the liquidmakes 
comparison with experiment difficult. Using sim- 
ple empirical relations between heat transfer and 
surface temperature, and the results of present 
bubble calculations, a rough estimate is made of 
the heat extracted from the surface by the drop. 
The photographic evidence shows that the cooling 
process is very inefficient. Experiments with 
water drops impinging on a hot silver surface sug- 
gest that nucleate boiling is responsible for the 
cooling process in the initial stages of the motion, 
but that the drop is broken up by vapour bubbles 
breaking through the upper surface of the drop, and 
that hereafter the heat transfer is greatly reduced 
by the fragments of the drop passing into the sphe- 
roidal state. 
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venting Equipment Vibration Failures. F. 
Ww. S. Inouye. Electronics, Apr. 
11, 1958, pp. 92-94. 15 refs. Description of 
efficient vibration-resistant designs. A fragility 
curve is developed for each component type and a 
composite characteristic derived by superposition. 


The Cost of Missile Unreliability. Joseph 
Tampico. Electronic Des., Feb. 19, 1958, pp. 
96-29. Discussion of the importance of accurate 
checkout equipment and of shooting more mis- 
siles for better flight reliability performance, 


Resistors 


Special Issue: Thermistor Issue. Electronic 
Des., Apr. 30, 1958, pp. 12-43. Partial Contents: 
The Growing Thermistor Field, A. J. Gizzi. 
Quick Design of Thermistor Compensation Net- 
works, B. R. Schwartz. Thermistor Data Chart. 
Microwave Applications of Thermistors, L. I. 
Kent. Design Data for Ultra Low Temperature 
Thermistors, H. B. Sachse. Specifying Military 
Thermistors, B. R. Schwartz. Thermistor 
Bridges, M. L. Miller. 


The ‘‘Resisting’’ Transistor for Servo Design. 
T. R. Nisbet. Electronic Des., Apr. 2, 1958, pp. 
14-17. Description of a technique having a sub- 
stantial increase in efficiency and operating tem- 
perature over previous designs for aircraft and 
missile electronics. 


The Design of Function Generators Using 
Silicon Carbide Non-Linear Resistors. E. Brown 
and P. M. Walker. Electronic Eng., Mar., 1958, 
pp. 154-157. 


Semiconductors 


Semiconductors; Revolution at Your Elbow. 
Prod. Eng., Apr., 14, 1958, pp. 60-63. Discussion 
on future applications of semiconductor mate- 
rials, 


Semiconductors, Their Applications to Recti- 
fiers and Transistors. Georges Goudet. Elec. 
Commun., Dec., 1957, pp. 309-321. 


The Effect of Surface Recombination on the 
Spectral Response of Photoconductivity of n- 
Type Germanium. Tang Ting-Yuan and Kao 
Kuo-Yu. Scientia Sinica, Feb., 1958, pp. 165- 
178. 18 refs. 


Germanium and Silicon Take the Lead Among 
Semiconductor Rectifiers. R. A. York. Prod. 
Eng., May 12, 1958, pp. 89-91. 


The Thyristor. L.E. Barton. Electronic Des., 
Mar. 19, 1958, pp. 48-51. Description of the 
Thyristor, including its characteristics and circuit 
applications. 


Transistor Voltage Standards. W. W. Wells. 
Electronic Des., Mar. 5, 1958, pp. 50-53. 


Magnetoresistive Phenomena in n-Ge Type 
Semiconductors in Strong Magnetic Fields. M. 
I. Klinger and P. I. Voroniuk. (Zhurnal Teoret.i 
Exper. Fiz., July, 1957, pp. 77-87.) Sov. Phys.- 
JETP, Jan., 1958, pp. 59-66. 10refs. Transla- 
tion. Study of the equilibrium electron con- 
centration, the Hall constant, and the electrical 
resistance; and determination of their dependence 
on the field strength. 


O Vliianii Vneshnego Elektricheskogo Polia na 
Adsorbtsionnuiu Sposobnost’ Poluprovodnika. 
F. F. Vol’kenshtein and V. B. Sandomirskii. AN 
SSSR Dokl., Feb. 11, 1958, pp. 980-982. In Rus- 
sian. Evaluation of the effect of an external elec- 
tric field on the adsorptivity of a semiconductor. 


Issledovanie Temperaturnoi Zavisimosti Viaz- 
kosti Germaniia. V.M. Glazov and D. A. Pet- 
rov. AN SSSR Otd. Tekh. Nauk Izv., Feb., 
1958, pp. 15-19. In Russian. Investigation of 
the temperature dependence of ger ium vis- 
cosity under heating and cooling conditions. 


Telemetry 


Some Problems in Radio Telemetry. M. H. 
Nichols and L. L. Rauch. Astronautics, May, 
1958, pp. 36, 37, 98, 100, 102-104. Discussion of 
problems related to long-distance telemetry from 
missiles and satellites, frequency allocation, and 
reliability. 


Telemetricheskoe Kompensatsionnoe Ustroi- 
stvo Lineinykh Peremeshchenii. A. A. Kol’tsov 
and L. F. Kulikovskii. Aviom. i Telemekh., Mar., 
1958, pp. 280-284. In Russian. Theoretical 
analysis and presentation of data on an inductive 
servosystem for linear transference used in auto- 
matic and remote control devices. 


Teoriia Struktur Kombinatornykh Machin. 
S. M. Iakovlev. Aviom. i Telemekh., Mar., 1958, 
pp. 221-227. In Russian. Evaluation of the 
theory of structure of combinatorial mechanisms 
as used in telemechanics. 


Commutating Switches Critical for High Per- 
formance Telemetry. G. P. Bentley and Sumner 
a. Av. Age., Apr., 1958, pp. 70-72, 75- 


Transmission Lines 


Propagation in Coupled Transmission Line 
Systems. J. Brown. Quart. J. Mech. & Appl. 
Math., May, 1958, pp. 235-243. Analysis of a 
system of transmission lines coupled by reactive 
networks at regular intervals.- 


Accuracy Requirements in Sine, Cosine Trans- 
mission. Leo Young. Electronic Des., Mar. 5, 
1958, pp. 32, 33. 


Second-Order Beams of Two-Dimensional Slot 
Arrays. L.A. Kurtzand J.S. Yee. (NBS URSI 
Spring Meeting, Wash., May, 1956.) IRE Trans., 
AP Ser., Oct., 1957, pp. 356-362. Determina- 
tion of the position and magnitudes of second- 
order beams as functions of slot geometry and rela- 
tive phase. Three types of slots and two types ot 
arrays are discussed. . 


A_ Two-Dimensional Slotted Array. G. C. 
McCormick. IRE Trans., AP Ser., Jan., 1958, 
pp. 26-35. 


Parallel-Plate Transmission Lines and Equiva- 
lent Radiators. A. B. Hillan. Electronic & 
Radio Engr., May, 1958, pp. 170-173. : 


Wave Propagation 


Propagation of Electromagnetic Pulses Around 
the Earth. B. R. Levy and J. B. Keller. IRE 
Trans., AP Ser., Jan., 1958, pp. 56-61. USAF- 
sponsored analysis in which the pulses are as- 
sumed to be produced by a vertical electric or 
magnetic dipole. The earth is treated as a homo- 
geneous sphere of either finite or infinite conduc- 
tivity and the atmosphere is assumed to be homo- 
geneous. 


Some Observations on Scattering by Turbulent 
Inhomogeneities. Martin Balser. TRE Trans., 
AP Ser., Oct., 1957, pp. 383-390. 15 refs. 
USAF-Army-Navy-supported discussion on radio 
wave scattering by dielectric inhomogeneities due 
to turbulence, and presentation of a corrected 
derivation of the scattering formula. 


_Convergent Representations for the Radiation 
Fields from Slots in Large Circular Cylinders. 
L. L. Bailin and R. J. Spellmire. JRE Trans., 
AP Ser., Oct., 1957, pp. 374-383. 14 refs. 
derivation for the radiation 
elds. 


Scattering of Electromagnetic Waves by Long 
Cylinders. A. W. Adey. Electronic & Radio 
Engr., Apr., 1958, pp. 149-158. 20 refs. 
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Scattering of Electromagnetic Waves in 
Beyond-the-Horizon Radio Transmission. D. I. 
Paul. JRE Trans., AP Ser., Jan., 1958, pp. 61-65. 


On the Propagation of Surface Waves Over an 
Infinite Grounded Ferrite Slab. R. L. Pease 
IRE Trans., AP Ser., Jan., 19: 58, pp. 13-20 
USAF- supported analysis. 


The Propagation of Constant Longitudinal 
Magnetic Waves i in Dielectric Filled Waveguides. 
Li. G. Chambers. Quart. J. Mech. & Appl 
Math., May, 1958, pp. 244-252. 


The Approximate Parameters of Slot Lines and 
_ Complement. G. H. Owyang and T. T. 

RE Trans., AP Ser., Jan., 1958, pp. 49-55. 
USAF. Army- Navy supported derivation of an 
approximate attenuation coefficient due to ohmic 
loss for both parallel slots and parallel strip lines 


Electromagnetic Diffraction by Dielectric 
Strips. D.C. Stickler. JRE Trans., AP Ser., 
Jan., 1958, pp. 148-151. USAF- supported cal- 
culation of the scattering of a plane wave by a 
rectangular dielectric strip, using an approxima- 
tion of the polarization currents in the strip. 


Asymptotic Expansion of the Diffracted Wave 
for a Semi-Infinite Cone. IL. B. Felsen. JRE 
Trans., AP Ser., Oct., 1957, pp. 402-404. 


An Analytical Study of Scattering by Thin Di- 
electric Rings. Li. L. Philipson. JRE Trans. 
AP Ser., Jan., 1958, pp. 3-8. 


Wave Theory 


Transient Radio-Frequency Ground Waves 
Over the Surface of a Finitely Conducting Plane 
Earth. J. R. Johler. J. Res., Apr., 1958, pp. 
281-285. Reconstruction of the complete tran- 
sient signal over a finitely conducting plane earth 
by application of the inverse Laplace transforma- 
tion. 


Equipment 


A New Principle of Inertia Switch Operation. 
S. P. Clurman. Missile Des. & Devel., Apr., 
1958, pp. 24, 25. Production of a foolproof and 
low-cost inertia switch; its mechanism is de- 


scribed. 
Electric 

Special Issue: Electronic and Electric Power 
Supplies. Mach. Des., May 29, 1958, pp. 100-— 


ID 129-138. Partial Contents: Specifying and 
Applying Electronic Power Supplies, D. W. Tan- 
ner, J. P. Leon, and R. E. Slater. Specifying and 
Applying AC and DC Electric Generators, For- 
rest Nelson. Design Factors in Selecting Light- 
weight Electric Generators, Ch. H. Grace and J. 
N. Hibbard. and Dynamotor 
Power Supplies, R. C. Rodgers. Specifying and 
Applying Dry Cells and Storage Batteries, C. E. 


Hydraulic & Pneumatic 
Sequencing Hydraulic oe. H. L. Stew- 
art and J. M. Moritz. Mach. Apr. 3, 1958, 


pp. 149-152. Presentation of av aur of possible 
circuits and evaluation of their operation. 


Ob Odnoi Vozmozhnosti Opredeleniia Osevoi 
Gidrodinamicheskoi Sily na Zolotnike. I. M., 
Krassov and B. G. Turbin. Aviom. i Telemekh., 
Mar., 1958, pp. 217-220. In Russian. Study of 
an axial hydrodynamic force appearing in valve 
hydraulic amplifiers, and presentation of experi- 
mental results. 


1958, pp. 32 
35, 37, 38 4 41, 42. Review of design 
tics of rocket pumps and their components. The 
improvements for the near future are outlined. 
High Loads Can’t Bulge Rubber Spring in aay 
New Shock Absorber. R. M. Sand , 


ndo an 
England. Prod. Eng., May 12, 1958, pp. 86- 83. 


Fuels & Lubricants 


New Lubricants, Hydraulic Fluids for High 
Temperatures. E. D. Brown, Jr. aterials in 
Des. Eng., Apr., 1958, pp. 124- 126. Dev elop- 
ment of three fluids meeting the differing property 
requirements of engine lubricants and hydraulic 
fluids. Lubricity and thermal and oxidative 
stability are discussed. 

Lubrificatia Suprafetelor Cilindrice cu Migcare 
de side Alunecare. N.Tipei. Stud 
Cerc. Mec. Aplic., No 4, 1957, pp. 1,039-1,049. 
In Rumanian, with summaries in French and Rus- 
sian. Study ‘of the motion of thin layers of vis- 
cous fluids between two cylindrical surfaces. 


Eksperimental’naia Proverka Dvukhchlennogo 
Zakona Treniia. G. I. Epifanov. AN SSSR 
, Feb. 21, 1958, pp. 1,113-1,115. In Rus- 
sian." Experimental evaluation of the binomial 
friction law and study of the relative position of 
each member in the production of friction forces. 


Gliders 


Schweizer Sailplane Developments. A. 
Schweizer. Soaring, Mar.-Apr., 1958, pp. 7 19. 
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Leistungs-Segelfiug in der Praxis. Max Beck. 
Flug-Revue, May, 1958, pp. 15-17. In German. 
Discussion of factors involved in gliding flight, 
including wind direction and strength, flight ve- 
locities, and vertical velocity. 


Nekotorye Voprosy Aerodinamiki Motornoi 
Pariashchei Modeli 1958 Goda. B. Kraslavskii. 
Kryl’ia Rodiny, Mar., 1958, pp. 25-28. In 
Russian. Discussion of some aerody namic prob- 
lems of a glider model designed in 1958. 


Instruments 


Glossary of Terms for Flight Test Instrumen- 
tation. AITAA ATC Rep. ARTC-16, Oct., 1957. 
26 pp. 33 refs. 


Messeinrichtungen fiir den Flugversuch. Karl 
Zeilinger. Luftfahritechnik, Apr. 15,1958, pp. 112— 
116. In German. Description of various in- 
stallations for flight testing, including the French 
SFIM devices. Design and operational charac- 
teristics are presented for multichannel recording 
devices covering altitude, speed, temperature, 
angular velocity, acceleration, and control-sur- 
face deflection indicators. 


Ob Ispol’zovanii v Metrologii Metodov Teorii 
Sluchainykh Funktsii. N. Chekhonadskii. 
Izmer. Tekh., Mar.-Apr., 1958, pp. 3-6. In 
Russian. Discussion of the application of meth- 
ods in the theory of random functions to measur- 
ing systems. 


Razvitie Elektronnykh Priborov Sverkhvyso- 
kikh Chastot. N. D. Deviatkov. AN SSSR 
Otd. Tekh. Nauk Izv., Feb., 1958, pp. 104-113. 
In Russian. Survey of the development of ultra- 
high-frequency electronic devices. 


How to Find Airframe Material Emissivity. 
G.V.Thompson. Av. Age, May, 1958, pp. 68-71. 
Description of an emissometer designed for meas- 
— the radiant heat thrown off by various ma- 
terials. 


Accelerometers 


Redesign Adapts Accelerometers to High 
Speed Use. D. T. Gundersen. Av. Age, May, 
1958, pp. 132-136, 139-141. Discussion of some 
improvements made in accelerometers to increase 
their accuracy. 


Flight Instruments 


Closed Loop Instrument Systems Boost Per- 
formance. V. A. Orlando, R. G. Jewell, and D. 
W. Dibble. Av. Age, Apr., 1958, pp. 44-47. 
Discussion of new approaches, such as servo- 
mechanism design and electroluminescent lighting, 
in order to design instruments capable of meeting 
the needs of modern aircraft. 


Temperature and Pressure Corrections to be 
Applied to the Shielded Hot Wire Anemometer at 
Speeds for Which Natural Convective Cooling is 
Negligible. Appendix—Modified Circuit for Use 
with the Shielded Hot Wire Anemometer. C. 
F. Cowdrey. Brit. J. Appl. Phys., Mar., 1958, 
pp. 112-116. 


Gyroscopes 


Two-Gyro Master Reference. 
Apr. 2, 1958, pp. 24, 25. 

‘Dvizhenii Girostabilizirovannoi Platformy 
pri Bol’shykh Uglakh Otkloneniia. N.T. Kuzov- 
kov. AN SSSR Otd. Tekh. Nauk Izv., Jan., 
1958, pp. 44-51. In Russian. Study of the 
stability of motion of gyro-stabilized platforms in 
the case of large deviation angles. 


Electronic Des., 


Pressure Measuring Devices 


Small Barium Titanate Transducer for Aerody- 
mamic or Acoustic Pressure Measurements. 
W. W. Willmarth. Rev. Sci. Insir., Mar., 1958, 
pp. 218-222. 


Ispolnitel’nyi Mekhanizm Manometra Avto- 
kompensatsionnogo Deistviia. V. I. Bakhtin. 
Izmer. Tekh., Mar.-Apr., 1958, pp. 25, 26. In 
Russian. Discussion of the design and operation 
of a pressure gage for steam and rarefied-gas meas- 
urements, 


Stress & Strain Measuring Devices 


Iskliuchenie Temperaturnoi Oshibki pri Rabote 
s Termokompensirovannymi Tensometrami. Iu. 
A. Pykhtin. Izmer. Tekh., Mar.-Apr., 1958, pp. 
23, 24. In Russian. Description of a thermo- 
compensated strain gage and evaluation of errors 
introduced during measurements in the case of 
high temperature gradients. 


Badanie Zjawiska Zmeczenia za Pomocg Dru- 
t6w Tensometrycznych. Alfred Buch. Inst. 
Lot. Prace, No. 4, 1957, pp. 15-24. 30refs. In 
Polish, with summaries in English, French, 
German, and Russian. Study of the fatigue 
phenomena by means of the tensometric wire 
method covering the determination of the endur- 
ance limit for wire material, the effect of the work- 
hardening and tempering on the endurance limit, 
and the fatigue effect on wire toughness. 
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Temperature Measuring Devices 


A Transistor Operated Self-Balancing Radia. 
tion Pyrometer. D. W. Birnstingl. Electronj, 
Eng., Apr., 1958, pp. 189-191. Description of 2 
radiation pyrometer capable of measuring sy. 
face temperatures down to 150°C. 


Lighter-Than-Air 
Theory of the Spinning Balloon. C. sa 
Quart J. Mech. & Appl. Math., May, 1958, 
196-207. 


Derivation of differential equations of 
motion for a flexible uniform string rotating with, 
constant large angular velocity about a fixed axis 
when the string has a constant velocity along its 
length, and air drag per unit length is proportionaj 
to a fixed power of the normal component of air 
velocity. 


Machine Elements 


Preliminary Studies of Rolling-Contact Fatigue 
Life of High-Temperature Bearing Materials, 
T. L. Carter. U.S., NACA RM E57K12, Apr, 
27 pp. 


The Mechanical Wear of Metals. W. Hirst 
Brit. J. Appl. Phys., Apr., 1958, pp. 125-139 
28 refs. 

Simvolicheskie Izobrazheniia Planetarnykh j 
Differentsial’ aren Mekhanizmov. V. P. Chere. 
nin. AN SSSR Otd. Tekh. Nauk Isv., Jan, 
1958, pp. 35-43. InRussian. Study of the prob. 
lem of symbolic representation of planetary and 
differential mechanisms covering systems with 
two degrees of freedom. 


Complex Numbers and Four-Bar Linkages 
R. S. Hartenberg. Mach. Des., Mar. 20, 1958 
pp. 156-163. ILllrefs. Dev elopment of a method 
for finding link lengths that satisfy velocity and 
acceleration specifications. 


O Potere Vrashchaiushchikhsis 
Diskov. L . Ershov and D. D. Ivlev. AN 
SSSR Nauk Izv., Jan., 1958, pp. 124, 
125. In Russian. Study of the problem cover- 
ing stability loss of rotating discs. 


Ob Ustoichivosti Gibkogo Vala s Odnim Dis- 
kom pri Deistvii Sil Vnutrennego i Vneshnego 
Trenii i Vesa Diska. A. Tondl. AN SSSR Olt 
Tekh. Nauk Izv., Jan., 1958, pp. 21-25. In Rus 
sian. Study of the stability problem of a flexible 
shaft with one disc under the influence of internal 
and external frictional forces and weight of the 
disc. 


Materials 


Ceramics & Ceramals 


New Developments in Ceramics. J.H.K 
Materials in Des. Eng., May, 1958, pp. 121 136 
15 refs. Survey of ceramic materials and pres- 
entation of data on properties, state of develop- 
ment, and new uses of these materials. 


Lithia Agents Boost Heat Resistance of Ce- 


ramic Coatings. P.A.Huppert. Av. Age, May, 
1958, pp. 56-58. 


Corrosion & Protective Coatings 


Ceramic Coatings, Metallic Coatings, Special 
Paints for Protecting Metals at High Temper- 
tures. A. F. Hofstatter. Materials in Des. 
Eng., Apr., 1958, pp. 115-119. 


Issledovanie Struktury i Fazovogo Sostava 
Diffuzionnykh Pokrytii Splava Khroma Kremniem 
i Berilliem. P.M. Arzhanyi and L. N. Beliakov. 
AN SSSR Otd. Tekh. Nauk Izv., Feb., 1958, pp. 
149-152. In Russian. Study of the structure 
and phase composition of diffusion coatings for 
chromium-silicon-beryllium alloys. 


Chemical Films Lick Parts Corrosion. W. E. 
Pocock. Av. Age, Apr., 1958, pp. 48-50, 53. 
Discussion of the effects of corrosion on the com- 
mon industrial metals and on methods of corrosion 
protection. The chromate conversion coatings 
are described. 


Metals & Alloys 


Basic Properties for Comparative Bveluations 
Structural Metallic Materials. AJA ATC 
Rep. ARTC-12, Apr. 1, 1957. 12 pp. 


K Statisticheskoi Teorii Polzuchesti i Relak- 
satsii Napriazhenii (Rezul’taty Eksperimenta). 
G. F. Lepin. AN SSSR Otd. Tekh. Nauk Ist. 
Jan., 1958, pp. 123, 124. In Russian. Brief 
evaluation of the aon of creep and relaxation 
stresses. Includes presentation of experimental 
results. 


K Voprosu o Bezdiffuzionnoi Kristallizatsi 
Metallicheskikh Splavov. V. M. Glazov and V. 
N. Vigdorovich. AN SSSR Dokl., Feb. 11, 1958, 
pp. 924-927. 21 refs. In Russian. Discussion 

Pine diffusion-free crystallization of metal alloys 
including cooling ratio and composition. 


Issledovanie Diffuzii v Splavakh Sistemy 

Nikel’-Khrom-Titan. A. Ia. Shiniaev. N 
SSSR Otd. Tekh. Nauk Isv., Feb., 1958, pp. 143- 
145. In Russian. Experimental results on the 
diffusion of nickel-chrome-titanium alloy systems. 


Th 
4 
lea 
In 
A 
7 
q 
a 
= 
F 
= 
a? 2 0 
| 
Rocket Pumps Have Reached High I y. 
d 
re 
: 


Trenie i Plasticheskaia Deforma- Es 

tally Mikrooblastei Tverdogo 

Tela. R. I. Garber and T. T. Mogil —. 

AN SSSR Dokl., Jan. 21, 1958, pp. 479-482. ; 
ig Radia. In Russian. Study of internal friction and plastic - 
Electron, deformation of overstressed microregions in a 7 
ation of solid. 
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the com entation of experimental results. 
coatiall the missile. Issledovanie Kinetiki Spekaniia Titana Dila 
coatings SSSR Doll Jan i958, pp. 543-345. in 
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tion of the dilatometric method 

luation of tallic 

, Plastics and Weight Saving Construc- 

imenta). Enagrg., July, 1958, pp. 
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tallizatsii rface Coatings for Vanguar : 
11, 1958, for Mach John Kushnerick. 
iscussion Miassile s Mfg., Jan., 1958, pp. 
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possible use as structural, bearing, and seal ma 
terial. 


Phenolic Impregnated Silica Fabric. J. P. 
Kushnerick. Aircraft & Missiles Mfg., Feb., 
1958, pp. 20-22. Analysis of the chief charac- 
teristics of Astrolite, a new silica fabric-phenolic, 
for sacrificial heat resistant purposes. 


ARTC Target Specification Sealing Compound : 
High Temperature (350°F) Resistant (for Integral 
Fuel Tanks and Fuel Cell Cavities). AJAA 
ATC Rep. ARTC-15, Aug. 1, 1957. 18 pp. 


Plastic Fuselage. William Peck. Aircraft & 
Missiles Mfg., Feb., 1958, pp. 36-39. Evaluation 
of the advantages of using glass reinforced plastic 
fuselages. Shell fabrication and strength tests 
are described. 


Prepreg, Epoxy Molding Cut Weight and Cost 
of Aircraft Structure. H. J. Doyle and Geo. F 
Molby. Materials in Des. Eng., Apr., 1958, p. 
149. 


New Epoxy-Glass Molding Compound. 
Doyle and G. F. Molby. Materials in Des. Enez., 
May, 1958, pp. 106-109. Discussion of the me 
chanical properties and the effects of temperature 
on tensile, compressive, and flexural strength of 


H. J 


in the fields of: 


SPACE 


WEAPONS 


NUCLEAR POWER © 


LOGISTICS 


HUMAN FACTORS 


OT 


the molded material. 
given. 


Anelastic Creep of Polymethyl Methacrylate. 
O. D. Sherby and J. E. Dorn. J. Mech. & Phys. 
Solids, No. 2, 1958, pp. 145-162. 25 refs. 


Asbestos Reinforced Plastics for Rockets and 
Missiles. D. V. Rosato. Aircraft & Missiles 
Mfg., Jan., 1958, pp. 66-71. 


Ground Rules for Molded Silicone Rubber 
Parts. D. P. Spalding. Prod. Eng., Apr. 14, 
1958, pp. 69-71. Discussion of such problems as 
revision (tendency to loose rubber-like characteris- 
tics), shrinkage, and chemical resistance. Sug- 
gestions are presented to overcome these in the 
form of curing methods and design tips on the 
shape of the part. 


Design configurations are 


Testing Methods 


Vickers Hardness and Compressive Strength. 
D. S. Dugdale. J. Mech. & Phys. Solids, No. 2, 
1958, pp. 85-91. Results of hardness and com- 
pression tests presented for a wide variety of 
materials. The correlation obtained leads to the 
conclusion that the Vickers test is not sensitive to 


SYSTEMS 
and 
OPERATIONS 


highly qualified scientists with experience 
in Operations Research and specialties in 


electronics 


military operations 
mathematics / statistics 
human factors research 


direct inquiries to: 


ENGINEERING AND TECHNICAL PLACEMENT 


LOCKHEED AIRCRAFT CORPORATION 
834 W. Peachtree St., N.W. 
Atlanta 8, Georgia 


yield stresses corresponding to compressive straing 
greater than 0.15. 


Vliianie Massy Obraztsa na Znacheniia Tver. 
dosti, Opredeliaemye Dinamicheskimi Metodanj, 
B. A. Vandyshev. Jsmer. Tekh., Mar.-Apr, 
1958, pp. 21-23. In Russian. Evaluation of the 
effect of mass ratio on hardness results obtaineg 
by means of dynamic analysis. 

Zastosowanie Luku Pradu Zmiennego do Ilogej. 
owej Analizy Spektrograficznej Stopu AzL-4 
Jerzy Fijatkowski. Inst. Lot. Prace, No. 5, 19§ 
pp. 3-11. In Polish, with summaries in Engi: 
French, German, and Russian. Description of 
modifications of the electric system for the Soviet 
PS-39 a.c. are generator and discussion of its ap- 
plication to the analysis of the Al-4 alloy. 


Identyfikowanie na Staloskopie Niektérych 
Stop6w Zaroodpornych w Postaci Gotowych 


Wyrob6w. Kazimierz Molenda. Inst. Lot, 
Prace, No. 5, 1958, pp. 12-21. 14 refs. Iq 


Polish, with summaries in English, French, Ger. 
man, and Russian. Description of an identifica. 
tion method for finished products of heat-resistant 
alloys by means of a steelscope. 


Odnovremennoe Primenenie Rentgeno- j 
Mikrostrukturnogo Analiza dlia Izucheniia Pro. 
tsessov Deformatsii Nagretykh Metallov i Splavoy, 
M. B. Guterman, N. A. Dron’, M. G. Lozinskij, 
and M. I. Teumin. AN SSSR Otd. Tekh. Nauk 
Izv., Jan., 1958, pp. 11-20. In Russian. Preseg. 
tation of test results covering the simultaneous 
application of X-ray and microstructural analysis 
to the study of deformation processes in heated 
metals and alloys 

Vizualizatsiia Ul’trazvukovykh Izobrazhenij, 
L. D. Rozenberg. AN SSSR_Vestnik, Mar, 
1958, pp. 33-39. In Russian. Description of a 
method for the visualization of ultrasonic images 
used in studying the structure and internal in. 
homogeneities of optically opaque bodies. 


Mathematics 
Boundary Properties of the Poisson Integral of 


Lie Sphere. L. K. Hua and K. H. Look. Sei, 
Rec., Feb., 1958, pp. 77-80. 
On the Fresnel Approximation. R. B. Barrar 


and C. H. Wilcox. IRE Trans., AP Ser., Jan, 
1958, pp. 43-48. USAF-supported discussion of 
the power of the Sommerfeld expansion in com. 
puting Fresnel and near fields of antennas. 


Ob Odnom Raznostnom Metode Resheniig 
Uravneniia Puassona s Osevoi Simmetriei. D, 
F. Davidenko. AN SSSR Dokl., Feb. 21, 1958, 
pp. 1,066—-1,069. In Russian. Development ofa 
difference method for the solution of the axisym- 
metric Poisson equation. 


Sur un Théoréme de MM. N. Levinson et 0, 
Smith Relatif a |l’Equation Différentielle des 


Oscillations Entretenues. Z. Mikolajska. Ann, 
Polonict Math., Fase. 1, 1957, pp. 1-7. In 
French. Evaluation of the Levinson-Smith 


theorem for the differential equation of oscilla- 
tion. 

O Metodakh Povyshennoi Tochnosti i Dvukh- 
storonnikh Priblizheniiakh k Resheniiu Parabo- 
licheskikh Uravnenii. V.K.Saul’ev. AN SSSR 
Dokl., Feb. 21, 1958, pp. 1,088-1,090. In Rus- 
sian. Development of refined methods and two- 
sided approximations to the solution of parabolic 
equations. 

Problémes aux Limites pour 1’Equation Para- 
bolique Normale. W. Pogorzelski. nn. Polo- 
nici Math., Fase. 1, 1957, pp. 110-126. In 
French. Study of boundary problems for an ordi- 
nary parabolic equation. 


Propriétés des Intégrales de 1’Equation Para- 
bolique Normale. W. Pogorzelski. Ann. Polo- 
nici Math., Fasc. 1, 1957, pp. 61-92. In French. 
Evaluation covering the properties of integrals in 
the ordinary parabolic equation. 


Evaluations des Solutions de 1’Equation aux 
Dérivées Partielles du Type Parabolique, Déter- 
minées dans un Domaine non Borné. M. Kriy- 
zanski. Ann. Polonici Math., Fasc. 1, 1957, pp. 
93-97. 12 refs. In French. Evaluation of 
solutions for the equation with partial derivatives 
of the parabolic type, defined in an unbounded 
domain. 


A Symmetrical Convergence Theory for Gen- 
eral Transforms. J. B. Miller. London Math. 
Soc. Proc., 3rd Ser., Apr., 1958, pp. 224-241. 

Trekhmernoe Prostranstvo s Kubicheskoi 
Polumetrikoi. Iu. I. Ermakov. AN SSSR 
Dokl., Feb. 21, 1958, pp. 1,070—1,073. In Rus- 
sian. Analysis covering the three-dimensional 
space with cubic semimetric. : 


Asymptotic Expansion of Multiple Integrals 
and the Method of Stationary Phase. . & 
Jones and Morris Kline. J. Math. & Phys., Apr., 
1958, pp. 1-28. 15 refs. USAF-sponsored 
analysis. 

Approximation by Bounded Analytic Func- 
tions. J. L. Walsh. Harvard U. Rep. (AFOSR 
TN 5879; TN 5880. Abridged.) [AD 148127; 
AD 148128], Dec., 1957. 82; 12 pp. 41 refs. 

Issledovanie Funktsional’nogo Analoga Odnogo 
Nelineinogo Integral’nogo Uravneniia Likhten- 
shteina. E. S. Tsitlanadze. AN SSSR Dokl. 
Feb. 1, 1958, pp. 650-653. In Russian. Inves- 
tigation of a functional analog of the Lichtenstein 
nonlinear integral equation. 
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Checking Regulus I! surface-to-surface missile prior to 
launching from experimental cart. For the use of 
Ni-Cr-Mo steel castings in the launching cart, 


Chance Vought was judged a National Award Win- 
ner in the Third Product Development Contest con- 
ducted by the Steel Founders’ Society of America. 


How castings of 4330 nickel-alloyed steel help boost 
a missile up, push assembly cost down 


20-Ni-Cr-Mo steel castings replace 73 detail parts, 
eliminate 300 hardware items in new launching cart 


Regulus I, made by Chance Vought, 
is normally boosted skyward from a 
rail launcher. The Navy, however, 
wanted a more economical launching 
technique that would utilize a car- 
rier’s powerful catapults .. . that 
would also simplify handling of the 
missile aboard ship. 


The answer was the expendable 
catapult cart you see above. 


The carts, also made by Chance 
Vought, are assembled with 20 cast 
4330 steel cluster joints welded to 
tubing of the same material. These 
castings replaced 73 detail parts re- 
quired in the plate-type fittings of 
the experimental units used to prove 
the idea. They also eliminated 300 
hardware items, such as nuts and 
bolts. Assembly is easier, and far 
more economical. 


Why Ni-Cr-Mosteel for the castings? 
The 4330 composition of 1.8% Ni 
.65% Cr. .25% Mo heat treated to 
125,000 and 150,000 psi gives these 
castings the combination of high 
strength and great toughness needed 
to stand up to the tremendous shock 
of take off. 


What about your product? Can it 
use the economy, high strength, and 
shock resistance offered by Ni-Cr- 
Mo steel castings? You can get com- 
plete information by writing: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street geo, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Ob Odnom Metode Resheniia Integral’nykh 
Uravnenii. G. N. Polozhii. AN SSSR Dokl., 
Feb. 11, 1958, pp. 876-878. In Russian. De- 
velopment of a method for the solution of inte- 
gral equations. 


On Homoeomorphism of Perfect Plane Sets. 
A. S. Besicovitch. Cambridge Philos. Soc. Proc., 
Apr., 1958, pp. 168-186. 

Komplekty Nespetsial’nykh Podgrupp i p- 
Nil’potentnost’ onechnykh Grupp. S. A 
Chunikhin. AN SSSR Dokl., Feb. 1, 1958, pp 
654-656. 14 refs. In Russian. Evaluation of 
sets of nonspecial semigroups and p-nilpotency of 
finite groups. 

On the Absolute Summability of a Fourier 
Series and Its Conjugate Series. T. M. Flett. 
London Math. Soc. Proc., 3rd Ser., Apr., 1958, pp. 
258-311. 29 refs. 

The Tauberian Theorem for Group Algebras of 
Vector-Valued Functions. Alvin Hausner. 
Pacific J. Math., Winter, 1957, pp. 1,603-1,610. 


Svobodnye Chislovye Polugruppy so re 
Plotnostiami. B. M. Bredikhin. SSSR 
Dokl., Feb. 11, 1958, pp. 855-857. io cae In 
Russian. Analysis of free numerical semigroups 
with power densities. 

Analiticheskoe Prodolzhenie Stepennykh Ria- 
dov i Mnogochleny Fabera. V.P.Khavin. AN 
SSSR Dokl., Feb. 11, 1958, pp. 879-881. In 
Russian. Analytical continuation of power series 
and Faber polynomials. 


O Ratsional’nykh Priblizheniiakh k Irra- 
tsional’nym Chislam s Ogranichennymi Nepolny- 
miChastnymi. A. Vinogradov, B. Delone, and D. 
Fuks. AN SSSR Dokl., Feb. 11, 1958, pp. 862- 
865. In Russian. Derivation of rational approxi- 
mations to irrational numbers with bounded par- 
tial quotients. 

The Use of Projection Operators in the Con- 
figuration Interaction Problem. . K. Nesbet 
Ann. Phys., Apr., 1958, pp. 397-407. 32 refs 
USAF- -Army- Navy- -supported description of 
methods used to obtain the configuration inter- 
action matrix element. A device, making the use 
of the linear formulas for matrix elements between 
any totally antisymmetric many-particle functions 
possible, is given. 


Nodal Expansions—Distribution Functionse 
Potentials of Average Force, and the Kirkwood 
Superposition Approximation. Appendix—-The 
Kirkwood Superposition Approximation and the 
Third Virial Coefficient. Emmanuel Meeron. 
— Fluids, Mar.-Apr., 1958, pp. 139-149. 28 
refs 


Probléme aux Limites pour |’Equation aux 
Dérivées Partielles du Quatriéme Ordre dans la 
Théorie du Mouvement d’un Li —. Visqueux. 
J. Wolska-Bochenek. Ann. olonici Math., 
Fasc. 1, 1957, pp. 98-109. 10 refs. In French 
Study of boundary problems for the equation with 
partial derivatives of the fourth order in the theory 
of motion of a viscous liquid. 

On Some Boundary Properties of Conformal 
Mapping. Ou So-Mo. Scientia Sinica, Feb., 
1958, pp. 131-136. 

On an Extremal Problem in Conformal Map- 
ping of Septagons. Ou-Yang Chang. Sci. Rec., 
Feb., 1958, pp. 71-75 

Non-Local Problems in the Calculus of Varia- 
tions. II. A. Krzywicki, J. Rzewuski, J. Zamor- 
ski, and A. Zieba. Ann. Polonici Math., Fasc. | 
1957, pp. 30-39. Extension of the Sturm theorem 
on second-order differential linear homogeneous 
equations to analogous integrodifferential equa 
tions, and application to the study of the second 
variation in nonlocal problems. 


O Tochkakh Sgushcheniia Chisel 
Markova. P. G. Kogoniia. AN SSSR Dokl., 
Feb. 1, 1958, pp. 632-635. In Russian. Discus- 
sion of the condensation points in the set of Mark- 
off numbers. 


Weak Ergodicity in Non-Homogeneous Markov 
Chains. J. Hajnal. Cambridge Philos. Soc. 
Proc., Apr., 1958, pp. 233-246. Definition of a 
special subclass of regular matrices, and discussion 
of similarities in asymptotic behavior between 
chains whose transition matrices differ orly by 
small amounts. 


Ob Odnom Svoistve Sistemy Pervogo Pribli- 
zheniia. G.K. Pozharitskii. Prikl. Mat. i Mekh. 
Jan.-Feb., 1958, pp. 143, 144. In Russian. Eval- 
uation of properties of solutions for a system of 
linear equations with constant coefficients. 


O Skhodimosti Metoda Priamykh pri Razlich- 
‘ Pa Skhemakh ego Primeneniia k Resheniiu 

ekotorykh Kraevykt Zadach. E. Kh. Kostiu- 
kovich. AN SSSR Dokl., Jan. 21, 1958, pp. 433-— 
435. In Russian. Evaluation of the conver- 
gence of the straight-line method in the case of 
varied schemes of application to the solution of 
certain boundary problems. 


On the Integral Curvature of a Curvilinear Poly- 
gon. Pa Chen-Kuo. Scientia Sinica, Jan., 
1958, pp. 11-18. Demonstration of a theorem 
for a curvilinear polygon in an ordinary space 
with its generalization in a Euclidean space of 
higher dimensions. 


O Chebyshevskom Priblizhenii v Gil’bertovom 
Kol’tse. S. I. Zukhovitskii* and: G. I. Eskin. 
AN SSSR Dokl., Feb. 11, 1958, pp. 870-872. 
In Russian. Discussion of the Chebyshev ap- 
proximation in a Hilbert ring. 
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A Determinant in Continuous Rings. R. J. 
= Pacific J. Math., Winter, 1957, pp. 1,701- 

Homology and Ringoids. I. P. J. Hilton and 
W. Ledermann. Cambridge Philos. Soc. Proc., 
Apr., 1958, pp. 152-167. Construction of a par- 
ticular category M and the ringoid of its maps, 
which is derived from the category A of finitely 
generated Abelian groups and consists of sets of 
integral matrices. Relations between Abelian 
groups can be expressed as relations between in- 
tegral matrices. 


O Predstavlenii Bol’shykh Chisel Polozhitel’- 
nymi Ternarnymi Kvadratichnymi Formami Ne- 
chetnykh Vzaimno Prostykh Invariantov. A. V. 
Malyshev. AN SSSR Dokl., Feb. 21, 1958, pp. 
1,078-1,080. In Russian. ‘Representation of 
large numbers by positive ternary quadratic 
forms of odd, reciprocally prime invariants. 


The Values at the Fixed Moment of General- 
izedS tic Pr K. Urbanik. Scientia 
Sinica, Jan., 1958, pp. 1-9. 


K Teorii Drobnogo Differentsirovaniia i In- 
tegrirovaniia Periodicheskikh Funktsii, Prinad- 
lezhashchikh Klassu Lpb > 1. I. I. Ogievetskii. 
AN SSSR Dokl., Jan. 21, 1958, pp. 443-446. 11 
refs. In Russian. Evaluation of the theory of 
fractional differentiation and integration of peri- 
odic functions belonging to the Lp p> Ilclass. 


On Singular Integral Equations with Logarith- 
mic or Cauchy Kernels. C. MacCamy. J. 
Math. & Mech., May, 1958, pp. 355-375. 11 refs. 


_ Higher Order Invariants of Stress or Deforma- 

tion Tensors. T.C. Doyle. J. Math. & Phys., 
Jan., 1958, pp. 297-305. Derivation of a funda- 
mental system of irrational invariants for the 
metric tensor and a generic two index tensor, and 
for a rational system of 18invariants. The condi- 
tions of an isostatic system are determined. 

The Conservation Property of the Heat Equa- 
tion of Riemannian Manifolds. M. P. Gaffney. 
Northwestern U. Rep. (AFOSR TN 58-145) 
[AD 152172], Feb., 1958. 12 pp. 

Certains Théorémes Concernant la Répartition 
des Points Extrémaux dans les Ensembles Plans. 
J. Gérski and J. Siciak. Ann. Polonici Math., 
Fase. 1, 1957, pp. 21-29. In French. Evalua- 
tion of certain theorems on the distribution of ex- 
tremal points in plane groups. 

Numerical Solution of Vibration Problems in 
Two Space Variables. S. D. Conte. Pacific J. 
Math., Winter, 1957, pp. 1,535-1,544. 

Polinomial’ nye Operatsii v Nekotorykh Pro- 
stranstvakh. F. Nikolaev. AN SSSR Dokl., 
Feb. 1, 1958, pp. 639-641. In Russian. Analysis 
of polynomial operations in certain spaces. 


On a General Probability Theorem and Its 
Applications in the Theory of the Stochastic Proc- 
esses. Lajos Takacs. Cambridge Philos. Soc. 
Proc., Apr., 1958, pp. 219-224. 19 refs. 

On the Values at the Fixed Moment of Strictly 
Stationary Generalized Stochastic Processes. 
S. L. Cheng and K. Urbanik. Sci. Rec., Feb., 
1958, pp. 47-51. 


Some Limit Theorems for Stochastic Processes. 
John Lamperti. J. Math. & Mech., May, 1958, 
pp. 433-448. 13 refs. Study of the asymptotic 
behavior for large value in time of several random 
values associated with certain types of stochastic 
processes. 


Filtering of Stationary Generalized Stochastic 
ming K. Urbanik. Sci. Rec., Feb., 1958, 
pp 


Novoe Prostranstvo Zamknutykh Mnozhestv i 
Mnogoznachnye Otobrazheniia Bikompaktov. 
V. Ponomarev. AN SSSR Dokl., Feb. 21, 1958, 
pp. 1,081-1,084. In Russian. Determination 
of a new space of closed sets and multivalued 
mappings of bicompacts. 


Completions of Topological Vector Spaces. 
Wendy Robertson. London Math. Soc. Proc., 3rd 
Ser., Apr., 1958, pp. 242-257. 11 refs. Discus- 
sion, in terms of Cauchy filters, of a necessary and 
sufficient condition for the extention to of a 
continuous linear mapping ¢ of E (topological vec- 
tor space) into another topological vector space to 
be (1-1) when ¢ is (1-1). 


Some Properties of a Class of Banach Spaces. 
Ding Shia-Shi. Sci. Rec., Feb., 1958, pp. 59-63. 


Les Suites de Points Extrémaux Liés aux En- 
sembles dans l’Espace & 3 Dimensions. J. 
Gérski. Ann. Polonici Math., Fasc. 1, 1957, pp. 
14-20. In French. Extension of previously de- 
fined extremal points related to groups in three- 
dimensional space. 


Sur Certaines Suites Liées aux Ensembles 
Plans et leur Application a la Représentation Con- 
forme. F. Leja. Ann. Polonici Math., Fasc. 1, 
1957, pp. 8-13. In French. Analysis of certain 
series related to plane groups and their applica- 
tion to the conformal representation. 


Metod Priamykh dlia Resheniia Odnoi Nelinei- 
noi Kraevoi Zadachi v Oblasti s Krivolineinoi 
Granitsei. B. M. Budak and A. D. Gorbunov. 
AN SSSR Dokl., Feb. 11, 1958, pp. 858-861. 
In Russian. Development of a_ straight-line 
method for solving a nonlinear boundary problem 
in a region bounded by a curve. 

Morrey’s Representation Theorem for Surfaces 


in Metric Spaces. E. Silverman. Pacific J. 
Math., Winter, 1957, pp. 1,677—1,690. 13 refs. 
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The Orthogonal Families of Geodesic Hyper. 
surfaces in a Riemannian Space of Constant 
Curvature. a Hou-Sung. Sci. Rec., Jan, 
1958, pp. 


of Locally Compact and Paracom. 
pact Space. Gann Dan-Yen. Sct. Rec., Jan, 
1958, pp. 11-14. 


On Cauchy Formula for the Space _ — 
Symmetric Matrices of Odd Order. L. K 
and K. H. Look. Sci. Rec., Jan., 1958, pp. 19-99 


A Method for the Numerical Integration of the 
Linear Diffusion Equation. D. R. Hartree 
Cambridge Philos. Soc. Proc., Apr., 1958, pp. 207- 
213. Evaluation of solutions for the equation of 
diffusion or heat conduction in one dimension, ina 
substance in which the diffusivity is constant ip 
time and uniform in the relevant region of space 
The extension of the method to other linear forms 
of the diffusion equation is considered. 


On Elliptic Partial Differential Equations ang 
Uniqueness Theorems for Closed Surfaces, 
Philip Hartman. J. Math. & Mech., May, 1958 
pp. 377-392. 17 refs. ONR- sponsored analysis, 

Interior Estimates for Parabolic Systems of 
Partial Differential Equations. Avner Friedman, 
J. Math. & Mech., May, 1958, pp. 393-417, 
ONR-sponsored analysis. 


On the Numerical Solution of a Class of Partia} 
Differential Equations. A. S. Douglas. Cam. 
bridge Philos. Soc. Proc., Apr., 1958, pp. 214-218. 
12 refs. Method for the solution of Schrédinger’s 
wave equation for an atom. 


Ob Odnoi Kraevoi Zadache dlia Lineinykh EI- 
lipticheskikh Sistem Differentsial’nykh Uravnenij 
Pervogo Poriadka na Ploskosti. V. S. Vinogra- 
dov. AN SSSR Dokl., Feb. 21, 1958, pp. 1,059- 
1,062. 15 refs. In Russian. Analysis of a 
boundary problem for linear elliptical systems of 
first-order differential equations in the plane 


Vosstanovienie Tenzornykh Sil po Danaya 
Rasseianiia. Z. A. Agranovich and V. A. Mar 
chenko. AN SSSR Dokl., Feb. 21, 1958, pp, 
1,055-1,058. In Russian. Analysis ‘of the con- 
struction of tensor forces from scattering data 
using a two-equation system. 


On Two Theorems of Phragmén-Lindeléf for 
Linear Elliptic and Parabolic Differential Equa- 
tions of the Second Order. Avner Friedman 
Pacific J. Math., Winter, 1957, pp. 1,563-1,575. 
ONR-supported analy sis. 


_ On the Existence of Bounded Solutions of Non- 
linear Difference-Differential Equations. Wang 
Rou-Hwai. Sci. Rec., Jan., 1958, pp. 23-26. 


Ob Obobshchennykh Obyknovennykh Dif- 
ferentsial’nykh Uravneniiakh, Obiadaiushchikh 
Razryvnymi Resheniiami. Ia. Kurtsveil’. Prikl. 
Mat. i Mekh., Jan.-Feb., 1958, pp. 27-45. Ip 
Russian. Evaluation of ordinary generalized 
differential equations with discontinuous solutions, 
The proof of the theorem on the existence of solt- 
tions is similar to that used for Carathéodory’s 
conditions. 


Priznaki Ogranichennosti Reshenii Lineinykh 
Differentsial’nykh Uravnenii s Peremennym 
Zapazdyvaniem Argumenta. Z. I. Rekhlitskii. 
AN SSSR Dokl., Jan. 21, 1958, pp. 447-449. 
In Russian. Discussion of boundedness tests for 
the solution of linear differential equations with 
variable argument lag. 


Gruppy Invariantno-Gruppovye Resheniia 
Differentsial’ nykh Uravnenii. L. V. Ovsianni- 
kov. AN SSSR Dokl., Jan. 21,1958, pp. 439-442, 
In Russian. Discussion of possible solutions of 
groups and introduction of invariant-group solu 
tions for differential equations. 


Sur 1’Existence de Solutions de Certains Now- 
veaux Problémes pour un Systéme d’Equations 
Différentielles Hyperboliques du Second Ordrea 
deux Variables Indépendantes. Z. Szmydt 
Ann. Polonici Math., Fasc. 1, 1957, pp. 40-60. 
In French. Discussion of the existence of solu 
tions for certain new problems in systems of 
second-order differential hyperbolic equations 
with two independent variables. 


Ostsilliatsionnye Teoremy dlia Differen 
tsial’nykh Uravnenii Vysshykh Poriadkov i Spektr 
Sootvetstvuiushchikh Differentsial’nykh Oper- 
torov. I. M. Glazman. AN SSSR Doikl., Jan. 
1958, pp. 423-426. In Russian. Derivation of 
oscillation theorems for higher-order differential 
equations and spectra of respective differential 
operators. 


Otsenka Oblasti Skhodimosti Periodicheskikh 
Riadov—Reshenii Differentsial’nykh Uravnenii 
Malym Parametrom. Iu. A. Riabov. AN SSSR 
Dokl., Feb. 1, 1958, pp. 642-645. In Russiaa 
Dev elopment of a method, based on Liapounov’s 
results, for the evaluation of convergence regions 
of periodical series representing solutions of dif- 
ferential equations involving a small parameter. 


OQ Zadache Koshi dlia Sistem Lineinykh Urav- 
nenii v Chastnykh Proizvodnykh s Anaitichea 
Koeffitsientami. V.S. Mirer. AN SSSR Dokl. 
Feb. 11, 1958, pp. 873-875. In [hlew neg Anal- 
ysis of the Cauchy problem for simultaneous 
linear partial differential equations with analytic 
coefficients. 


Integro-Differentsial’nye Tipe 
Svertki. sovorukhina. AN SSSR Doll. 
Feb. 11, 1958, pp. 866-869. In Russian. Deri- 
vation of integrodifferential equations of the 
convolute type. 
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Ob Odnom Metode Issledovaniia Ustoichivosti 
Nulevogo Resheniia v Somnitel’nykh Sluchaiakh. 
V. I. Zubov. Prikl. Mat. i Mekh., Jan.-Feb., 
58, pp. 46-49. In Russian. Dev elopment and 

elvaluation of a method for the stability analysis of 
t he zero solution of ordinary differential equations 
(2 + k system) applicable to uncertain cases. 


Odin Priznak Sushchestvovaniia Opredelen- 
nykh Klassov Reshenii Nelineinogo Differen- 
tsial’nogo Uravneniia i Nekotorye Otsenki v 
Metode Malogo Parametra. A. . Gel’man 
AN SSSR Dokl., Feb. 21, 1958, pp. 1,063-1,065 
In Russian. Development of methods for analyz 
ing the existence of certain classes of solutions for 
nonlinear differential equations and some esti 
mates in the small-parameter method. 


On Semi-Normal Operators. C. R. Putnam 
Pacific J. Math., Winter, 1957, pp. 1,649-1,652 
USAF-supported investigation on the spectrum 
of the seminormal operator A and the associated 
operators J, 


Sintez Logicheskikh Setei, Operatory Kotorykh 
Opisany Sredstvami I Od nykh 
Predikatov. B. A. Trakhtenbrot. AN SSSR 
Dokl., Feb. 1, 1958, pp. 646-649. In Russian 
Analysis covering the synthesis of logical nets with 
operators described in terms of one-place predicate 
calculus. 


O  -Ustoichivosti Reshenii Operatornykh 
Uravnenii v Prostranstve Banakha. I. V. Su- 
kharevskii. AN SSSR Dokl., Jan. 21, 1958, pp 
454-457. In Russian. Analysis of the A 
stability of solutions for operator equations in the 
Banach space. 


K Voprosu o Razlozhenii Reguliarno Monoton- 
nykh Funktsii v Riad Goncharova. Blagovest 
Sendov. AN SSSR Dokl., Jan. 21, 1958, pp 
450-453. In Russian. Proof of the theory on 
the expansion of regularly monotonous functions 
into Goncharov’s series. 


Granichnye Svoistva Garmonicheskikh Funk- 
tsii v Soeemerans Prostranstve. N. I. Moz 
zherova. AN SSSR Dokl., Feb. 1, 1958, pp. 636- 
638. In Russian. Evaluation | of boundary 
properties of harmonic functions in three-dimen- 
sional space, with a solution of Dirichlet and 
Neumann problems. 


Some Discontinuous Bessel Integrals. Ed 
mund Pinney. J. Math. & Phys., Jan., 1958, pp 
362-370. Analysis of integrals having an infinite 
number of periodically spaced non-null intervals 
separating periodically spaced null intervals of the 
same length. These integrals are applicable to 
boundary value problems involving grids of in- 
tervals. 


On the Derivative of Bessel Functions with 
Respect to the Order. F. Oberhettinger. J. 
Math. & Phys., Apr., 1958, pp. 75-78. 


Graphs and Formulas for Zeros of Cross 
Product Bessel Functions. Don Kirkham. J 
Math. & Phys., Jan., 1958, pp. 371-377. 22 refs 


Matrices. III—Relations Between Network 
Matrices. Electronic & Radio Engr., Apr., 1958, 
pp. 138-140 


Random Notes on Matrices. K. Goldberg 
J. Res., Apr., 1958, pp. 321-325. Analysis of 
three matrix problems: (1) Bessel functions as 
limits of determinants, (2) finding all optimal 
strategies of a matrix game with nonzero value, 
and (3) necessary and sufficient condition for two 
matrices to have equal corresponding principal 
minors. 


Tables for Diagonalizing Second-Order Matri- 
ces. R. E. Trees and C. DeW. Coleman. J. 
Res., Mar., 1958, pp. 201-214. 


Matrices All of Whose Elements and Subdeter- 
minants Arel, —lor0. I. Cederbaum. J. Math. 
& Phys., Jan., 1958, pp. 351-361. Discussion of 
the algebraic and structural properties of E- 
matrices and E-congruences. 


Mechanics 


A Note on an Approximate Calculation of 
Green’s Functions for Built-Up Bodies. E. E. 
Covert. J. Math. & Phys., Apr., 1958, pp. 58-65. 


Meteorology 


Vysota Nizhnei Granitsy Oblakov i Dal’nost’ 
Vidimosti. V. A. Nikiforov and V. A. Netesov. 
Vestnik Vozdushnogo Flota, Apr., 1958, pp. 50-54 
In Russian. Evaluation of methods for measur- 
ing the altitude of the lower cloud layers and the 
visibility. 

A Cross-Section of Equatorial Upper Winds at 
103°E. L. S. Clarkson and L. W. Littlejohns. 
Meteorological Mag., Apr., 1958, pp. 105-107. 

II—Termiki Radiatsii. V. Parchevskii. Kryl'ia 
Rodiny, Mar., 1958, pp. 20-22. In Russian 
Discussion of vertical thermal streams, their for 
mation, and use in gliding flight. 


Jet Weather. P. D. McTaggart-Cowan. 
(CAI/IAS Joint Meeting, Montreal, Oct. 21, 1957, 
Preprint 758.) Can. Aero. J., Apr., 1958, pp. 
121-125. 


Captive Balloon Refractoyariometer. A. L. 
Crozier. Rev. Sci. Instr., Apr.; 1958, pp. 276-279. 
Description of a system for measuring and record- 
ing rapid fluctuations of refractive index, humid- 


ity, and temperature, using fast response thermis- 
tor beads. 


The Forecasting of Daily Mean Surface Tem- 
perature from 1000-500 Millibar Thickness Lines. 
C. J. Boyden. Meteorological Mag., Apr., 1958, 


pp. 98-104. 
gicheskikh Elementov. I. A. Kibel’. SSSR 


Dokl., Feb. 1, 1958, pp. 687-690. = Hossa 
Description of a method for short-range forecast- 
ing of meteorological phenomena. 


Syocttying Weather Conditions from the 700- 
eight and the Sea-Level Pressure Patterns. 
I. A. Lund. AMS Bul., Apr., 1958, pp. 205-210. 


Orographic Waves—Form, Forecasting and 
Effect on Aircraft. Meteorological Mag., Mar., 
1958, pp. 8C-87. 18 refs. 


On Basic Factors Determining the Main 
Features of the General Circulation of the Atmos- 
phere. S. S. Hwang. Scientia Sinica, Fe 
1958, pp. 217-249. 40 refs. Discussion of the 
effect of solar radiation, the influence of sea-land 
distribution, and the disturbances in the atmos- 
phere. 


Military Aviation, Ordnance 


Data Processing in Air Defense Systems. G. 
E. Valley. Astronautics, May, 1958, pp. 42-44, 
122. Description of the operations of the SAGE 
system which uses a computer with a large atten- 
tion span and can convert a multitude of 
problems into individual problems. 

Gun Gas Purging in Combat Aircraft—How 
Much Is Enough. J. S. Mount and E. R. Geib. 
Aero/Space Engrg., July, 1958, pp. 26-29. Dis- 
cussion of design factors and the effects of altitude 
on combustion and on purging effectiveness. 

Bristol/Ferranti Bloodhound. Aircraft Mis- 
stiles Mfg., Jan., 1958, pp. 19-22. Evaluation of 
design characteristics, including propulsion and 
guidance systems. 

NATO’s Lightweight Strike Aircraft. J. J. 
Driscoll. Interavia, 1958, pp. 323-325. Discus- 
sion of the military principles behind the need for 
a light fighter bomber. 

A Rational Determination of Loads and Exit 
Velocities of Cartridge Ejected Stores. H. Wolf 
and S. Pines. (JAS 26th Annual Meeting, New 
York, Jan. 27-30, 1958, Preprint 786.) J. Aero/ 
Space Sci., July, 1958, pp. 425-428. 


Missiles, Rockets 


Special Issue: Missiles and Astronautics. 
The Aeroplane, Apr. 25, 1958, pp. 569-597. 
Partial Contents: The Satellite Story, James 
Strong. Paths in Space. The World’s Guided 
Weapons. Guidance and Control of Guided 
Weapons, D. Howe. A Summary of Guided 
Weapons. A Directory of Missile Companies. 

Special Issue: Missile Market Guide and Di- 
rectory Edition. Missiles & Rockets, Apr., 1958, 
397 pp. Comprehensive directory covering mis- 
sile market survey, purchasing directory, catalog, 
and product cross index. 


Red Missile Arsenal Packs Long Range Punch. 
Av. Age., 1958, pp. 20, 21, 94-96, 98-101. De- 
sign, performance, and dev elopment details of 25 
missiles covering the range from ICBM to air-to- 
air types. 


Aus den Arbeiten des deutschen Raketen-Kol- 
lektivs in der Sowjet-Union. Helmut Gréttrup. 
Raketentech. & Raumfahrtforsch., Apr., 1958, pp. 
58-62. In German. Summarized presentation 
of some data on the long-distance ballistic rocket 
research done by German scientists in USSR. 
The activities reviewed include work on propel- 
lants, propulsion units, fuselages, target accuracy, 
and construction simplification. 


Missile Reliability—-A Challenge to Materials 
Engineers. W.M. Holaday. ASTM Bul., Apr., 
1958, pp. 50-52. 

Two Approaches Used in First Production 
Nose Cones. Michael Yaffee. Av. Week, May 
12, 1958, pp. 52, 53, 55-69 (ff.). Comparison of 
the thermal absorption and thermal ablation 
types of nose cones, and description of some pro- 
duction techniques for both types. 

CO, Disposal, Leakproofing, Zero Gravity: 
Problems for Spacecraft Air emi} F. H. 
Green. Av. Age, May, 1958, pp. 174-179. 

Electronics and the Missile. J. B. Wiesner. 
Astronautics, May, 1958, pp. 20, 21,114. Review 
of the development of electronic components for 
missile application. 

Where Will Electric Power Come from in Space 
Ships. John Gustavson. Av. Age, Apr., 1958, 
pp. 186-189. Discussion on the production 
of electric power through chemical batteries, 
atomic cells, and thermocouples. The hydrogen- 
oxygen fuel cell is described 


Booster Propulsion for Space Vehicles. R. S. 
Wentink. (JAS 26th Annual Meeting, New York, 
Jan. 27-30, 1958, Preprint 828.) Aero/Space 
Energ., July, 1958, pp. 40—45, 51. 

Vertical Ballistic Trajectories Over an Oblate 
Earth. R. E. Roberson. Jet Propulsion, May, 
1958, p. 333. 

Vertical the Earth’s Atmosphere 
for Both Light and Heavy Bodies. R. D. Linnell. 
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Jet Propulsion, May, 1958, pp. 329, 330. Presen. 
tation of a solution for the velocity of a body dur. 
ing vertical re-entry into the earth's atmosphere, 
A - cone function of only a single variable jg 
use 


Stationary Conditions for Problems Involving 
Time Associated with Vertical Rocket Trajecto. 
ries. Angelo Miele. J. Aero/Space Sct., July 
1958, pp. 467-469. OSR-supported developalll 
of a simple approximate relationship betwee, 
altitude and Mach Number which holds for alj 
drag functions, regardless of the end conditions 
and of the analytical configuration of the fun 
tional form to be extremized. 


Fundamentals of Missile Guidance. J. R 
Moore and Ch. P. Greening. Astronautics, May, 
1958, pp. 22-24, 90, 92, 94. Discussion of beam 
rider, radio command, wire command, inertia} 
guidance, Doppler radar, and celestial navigation 
systems. 

ICBM Inertial Guidance. E. A. Goetz. A3. 
tronautics, May, 1958, pp. 45-47, 126. Review of 
some of the problems in the development of iner. 
tial guidance. 


Radio Techniques for Missile Guidance. Eber. 
hardt Rechtin. Astronautics, May, 1958, pp. 
30-32, 112. Discussion of the principles and prob- 
lems of modern radio techniques, and some sug. 
gestions for their use in missile guidance. 


Missile Guidance by Infrared. R. H. McFee, 
Astronautics, May, 1958, pp. 33-35, 110. Dis. 
cussion on the application of infrared devices to 
air-to-air missiles, 

Moderne Bausteine zur ferngelenkter 
Flugkérper. H. Péschl. (DGRR Annual Meet. 
ing, Frankfurt M., Oct. 26, 1957.) Rakete entech, 
& Raumfahrtforsch., Apr., 1958, pp. 55-57. In 
German. Ev aluation of the reliability under ex- 
treme physical and chemical boundary conditions 
for devices used in guidance, control, and stabili- 
zation of unmanned vehicles. 


Instrumenting for Large-Scale Captive Missile 
Tests. I. R. A. Ackley. Astronautics, May, 
1958, pp. 48, 49, 82, 84, 86. Discussion on the 
development of an instrumentation program, 
This includes defining the task to be performed 
and determining what data are needed, what 
measurements to make, and what type of instru. 
mentation to use. 


A Cine-Theodolite Control System Used on 
Guided Missile Ranges. R. J. Garvey. Ele- 
tronic Eng., Mar., 1958, pp. 128-134. Description 
of a device to determine the trajectory and ve 
locity of guided missiles. A central controller 
operates the shutters and triggers flash lamps 
which expose the theodolite bearing and elevation 
readings on the film. 


Getting Missiles Off to a Good Start. P. E. 
Redding, Jr. Astronautics, Apr., 1958, pp. 30, 31, 
72,73. Description of the auxiliary field ignition 
procedure for starting rocket motors and discus- 
sion of missile starting fuels. 


Ground Support: A Must for Space. R. J, 
Laws. Missiles & Rockets, Apr., 1958, pp. 80, 81. 
Discussion of the need for devising special equip- 
ment for missile handling. Multipurpose han- 
dling, compatibility, and standardization are de- 
scribed. 


Computation of Rocket Step Weights to Mini- 
mize Initial Gross Weight. R. P. Ten Dyke. 
Jet Propulsion, May, 1958, pp. 338-340. Applica- 
tion of the technique of dynamic programing to 
the problem of finding optimum step weights of 
multistage rockets. 


Navigation 


Special Issue: Flying Aids. Flight, May 16, 
1958, pp. 659-862. Partial Contents: Naviga- 
tion. Flight Control Systems. Air Traffic Con- 
trol. Precision Approach. Flight Instruments. 


Le Calculateur de Point Astronomique en Navi- 
gation Maritime et Aérienne. I. Navigation 
(Paris), Apr., 1958, pp. 107-134. In French. 
Survey of various techniques for obtaining the 
astronomical reference. Includes description of a 
computer for aeronautical application, evaluation 
of solution types, error estimate, and various as- 
pects of operation. 

Radionavigation a l’Echelle du Globe. P. 
Gaudillére. Navigation (Paris), Apr., 1958, pp. 
135-142. In French. Survey of previous stud- 
ies on wave propagation and discussion of radio 
navigation systems, covering the possibility of 
station arrangements to provide global coverage. 

Star Sensors for Automatic Navigation. R. B. 
Horsfall. Av. Age, Apr., 1958, pp. 150-152, 154. 
Development of the hybrid stellar-inertial navi- 
gation system to eliminate the effects of gyro 
drift. Several earlier scanning techniques are 
described. 


Electronic Aids 


The Doppler Sensor in Air Navigation. K. C. 
M. Glegg. (CAI Mid-Season Meeting, Vancou- 
ver, Feb. 28,1958.) Can. Acro. J., May, 1958, pp. 
156-161. Discussion of the errors characteristic 
of a Doppler Sensor and brief description of its 
method of operation. 


An Evaluation of Dectra. E. W. Hare. Shell 
Av. News, Mar., 1958, pp. 5-8. Results of @ 


on 
, 


Presen. 
ody dur. 
osphere, 
riable is 


nvolvi: 

‘rajecto. 
t., July, 
lopment 
bet ween 
s for all 
nditions 
he 


cs, May, 
of beam 

inertia} 
Vigation 


tz. Ag 
eView of 
t of iner- 


2. Eber. 
958, pp. 
nd prob- 
sug- 


McFee, 
10. Dis. 


evices to 


selenkter 
ial Meet. 
ketentech, 
—57. In 
inder ex- 
onditions 
d stabili- 


of instru. 


Used on 
Elec. 
‘scription 
and ve 
-ontroller 
sh lamps 
elevation 


t. 
p. 30, 31, 
1 ignition 
id discus- 


p. 80, 81. 
ial equip- 
ose han- 
n are de- 


to Mini- 
on Dyke. 
Applica- 
aming to 
yeights of 


May 16, 

Naviga- 
affic Con- 
truments. 
Navi- 
avigation 
1 French. 
ining the 
ption of a 
valuation 
arious as- 


lobe. P. 
1958, pp. 
ous stud- 
1 of radio 
sibility of 
coverage. 
n. 
-152, 154. 
tial navi- 
s of gyro 
iques are 


n. K.C, 
, Vancou- 
1958, pp. 
acteristic 
ion of its 


e. Shell 
Its of a 


THE 


3 Big Reasons Why This Symbol Stands For 
Practical Research, Precision Production 


It represents the brains and brawn of three well 
known organizations, experienced in serving air- 
craft—both military and civilian. 

For this is the symbol of The Singer Manufactur- 
ing Company’s new Military Products Division. 
Composed of Haller, Raymond & Brown, Inc., 
Diehl Manufacturing Company, and Singer- 
Bridgeport. 

The Military Products Division brings together 
the research skills of HRB, the electronic and 


electrical experience and facilities of Diehl, and 
the extensive mechanical and electro mechanical 
productive capacity of Singer-Bridgeport. 

It makes a streamlined team that can serve you 
all the way from concept to hardware. Or supply 
precision parts and components quickly, in the 
quantity wanted, at a fair cost. For a new outlook 
on defense procurement, write The Singer Manu- 
facturing Company, Military Products Division, 
149 Broadway, New York 6, N. Y. 


SINGER 


SINGER MANUFACTURING COMPANY 


Military Products Division 
149 BROADWAY, NEW YORK 6, N. Y. 


*A TRADEMARK OF THE SINGER MANUFACTURING COMPANY 
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Opportunities 


EXPERIENCED 
ENGINEER 


in advanced jet, rocket, 
thermodynamics and aerodynamics fields 


The abilities and experience you can bring to a position as a Curtiss- 
Wright Senior Engineer in any of the above fields will determine the 
salary offered. In addition, there are liberal employee benefits which 
are part of the program of this diversified organization where individ- 
ual efforts and accomplishments are quickly recognized. 


Requirements include responsible experience in: 


PROPULSION SYSTEMS ENGINEERING 


Analysis and design of current jet and rocket propulsion systems . . 

performance analysis and component design. Analysis of advanced 
propulsion systems such as high energy chemical rockets, plasma jets 
and ion rockets, with ultimate development of experimental programs. 


THERMODYNAMICS AND AERODYNAMICS 


Hypersonic heat transfer, combustion, magneto-hydrodynamics, aero- 
thermodynamics, aerodynamics. Minimum of 5 years experience 
desired. 


STRUCTURES ENGINEERS 
Missile systems structure experience in either basic design or theo- 
retical analysis. 

GAS TURBINE ENGINEERS 


Turbo machinery design. Gas turbine controls design and analysis. 
Stress and vibration analysis. 


Positions are open, although not all in each category, at the follow- 
ing Curtiss-Wright Divisions: Aerophysics Development Corporation, 
Santa Barbara, California; Metals Processing Division, Buffalo, N.Y.; 
Propeller Division, Caldwell, N.J.; Research Division, Quehanna, 
Pennsylvania (40 miles north of State College — Pennsylvania State 
University); Utica Division, Utica, Michigan and Wright Aeronau- 
tical Division, Wood-Ridge, N. J. 


Send detailed resume including salary requirements to: 


T. W. COZINE 


Mgr., Engineering Recruitment, Dept. G-14, 
Curtiss-Wright Corporation, Wood-Ridge, N. J. 


All replies confidential 


CORPORATION * WOOD-RIDGE, N. J. 
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flight evaluation of the system in a Vickers Vg 
liant bomber which show that the tracking functiog 
is accurate and reliable, having a range of 1,500 
nautical miles. The airborne receiver is simple 
to operate and the flight log presentation is easy 
to use and interpret. 

Les Récentes Améliorations de la Réceptiog 
des Radiophares pour la Navigation Aérienng 
J. Villiers. Navigation (Paris), Apr., 1958, Pp. 
149-158. Evaluation of existing navigation 
systems (m.f. radio beacon systems) cover; 
static and ionospheric interference phenomeng 
Includes detailed description of the Consol radig. 
navigation system. 

Transistorized Doppler Has = and cw Feg. 
tures. Av. Age, May, 1958, . 142-145, 147, 
149. Description of the AN/APN- 105 Dopplet 
navigator which uses a digital computer with ag 
analog to digital converter. 


Traffic Control 


Controllo e Coordinamento della Circolazione 
Aerea in Europa nell’Epoca dell’Aereo a Reazione, 
Publio Magini. (Italo-French 3rd Aero. Conf, 
1957 21, 1957.) L’Aerotecnica, Dec. 
1957, 283-295. In Italian. Critical analysis 
of of present air traffic systems 
in Europe. Graphical representations of the aerial 
routes are given. The exigences made necessary 
by the advent of the jet aircraft and the need for 
a new European air traffic system are examined. 

RADC Evaluation of AN/SPN-10 Aircraft 
Landing Control System. James Prichard and 
David Sheftel USAF RADC TR 58-9 [AD 
148559), Feb., 1958. 52 pp. 


Nuclear Energy 


Radiation Effects in Organic Polymers Lead to 
Graft Copolymers—A New Technology. D. J. 
Metz. Nucleonics, Apr., 1958, pp. 73-77. ll 
refs. 

The Effects of Nuclear Radiation on Mili 
Specification Paints. Ll. A. Horrocks. USA 
WADC TR 57-156 [AD 142143], Nov., 1957. % 
pp. 25 refs. 


.Physics 


Field Desorption by Alternating Fields; An 
Improved Technique for Field Emission Micros- 
copy. E. C. Cooper and E. W. Miiller. Rep. 
Sci. Instr., Apr., 1958, pp. 309-312. 12 refs. 
OSR-supported research. 

‘“‘Lunnyi’’ Radiointerferometer. G. A. Gurza- 
dian. AN SSSR Dokl., Feb. 21, 1958, pp. 1,094- 
1,097. In Russian. Discussion of basic concepts 
covering the operation of a lunar interferometer, 
and development of a method for measuring an- 
gular dimensions of discrete sources. 


Radioninterferentsionnye Iavleniia, 
Ionosferoi Luny. G. A. Gurzadian. SSSR 
Dokl., Feb. 11, 1958, pp. 884-887. 
Discussion of the radio interference phenomena 
due to the ionosphere of the Moon. 


Otrazhenie i Prelomlenie Uprugoi Volny Proiz- 
vol’noi Formy v Sluchae Krivolineinoi Granitsy 
Razdela. B. Ia. Gel’chinskii. AN SSSR Dokl., 
Jan. 21, 1958, pp. 458-460. In Russian. _Deter- 
mination of the reflection and refraction of an ar- 
bitrarily shaped elastic wave by a curved inter- 
face between two media. 


K Teorii Viriai’nykh Razlozhenii dlia Neideal’- 
nykh Gazov. D.N. Zubarev. AN SSSR Dokl. 
Feb. 11, 1958, pp. 903-906. In Russian. De 
velopment of the theory of virial expansions for 
nonideal gases. 


Ballistic Piston for — ey Gas Phase 
Reactions. P. A. Longwell, H. H. Reamer, N. P. 
Wilburn, and B. H. Sage. Ind. & Eng. Chem., 
Apr., 1958, pp. 603-610. 22 refs. Description 
of a free piston device capable of subjecting gas 
samples to transient high pressures and tem- 
peratures. 


Kinetic Theory of Moderately Dense Gases. 
R. F. Snider and C. F. Curtiss. Phys. Fluids, 
Mar.-Apr., 1958, pp. 122-138. 13 refs. Develop- 
ment of a theory based on a modified Boltzmann 
equation, which takes into account the ‘‘collisional 
transfer’? of momentum and energy. The theory 
applies to pure gases made up of spherical mole- 
cules, and the effect of multiple collisions is neg- 
lected. 


Nesokhranenie Chestnosti—Novye Otkrytiia, 
Kasaiushchiesia Simmetrii Zakonov Prirody. 
V. big 3 and L. Rodberg. Uspekhi Fiz. Nauk, 
Mar., 1958, pp. 435-446. In Russian, Evalua- 
tion of the parity law and presentation of results 
obtained from such experimental cases as (a) 
a homogeneous bar with a central support, (b) 
electromagnetic radiation, (c) beta-decay, and (d) 
meson tests. 


Investigation of Heat Vibrations in Solids by 
Using X-Rays. K. D. Alexopoulos. U. Athens, 
Greece, Final Rep (USAF EOARDC TN 58- 
225) [AD 154126], Feb., 1958. 10 pp. 


Cumulation. E. Zababakhin and M. 
chaev. (Zhurnal i Exper. Fiz., 
pp. 442-450.) Sov. Phys.-JETP, Feb., 1958, pp. 
345-351. Translation. Study of electromag- 
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netic waves with narrow transition regions bet ween 
the initial and final states, and of a converging 
cylindrical wave. The cumulation phenomenon 
is determined. 

Adiabatic Young’s Modulus and Internal Fric- 
tion of Superconducting Lead and Tin. B. Wel- 
ber and S. L. Quimby. Acta Metallurgica, May, 
1958, pp. 351-309. 31 refs. 

Teoriia Rasseianiia Medlennykh Elektronov. 
G. Messi. Uspekhi Fiz. Nauk, Mar., 1958, pp. 
589-613. 47 refs. In Russian. Analysis of the 
theory of slow electron scattering, covering the 
fields of application of approximate methods, use 
of the distorted-wave method, and evaluation of 
the achieved development. 


Ob Odnoi Ploskoi Lineinoi Zadache Obob- 
shchennoi Gidrodinamiki. I. I. Moiseev-Ol’khov- 
skii. AN SSSR Dokl., Jan. 21, 1958, pp. 468-471 
In Russian. Study of a two-dimensional linear 
problem of generalized hydrodynamics using 
Boltzman equations. 

Kriticheskii Tok dlia 
Plenok. V. L. Ginzburg. AN SR Dokl. 
Jan. 21, 1958, pp. 464-467. In Inves- 
tigation of the critical current for superconducting 
films in a magnetic field. 

Issledovanie Shirokikh Atmosfernykh 
Kosmicheskogo Izlucheniia. O. Dovzhenko, V. 
Zatsepin, E. Murzina, S. Nikol’skii, I. 
skaia, and E. Tukish. AN SSSR Dokl., Feb. 11, 
1958, pp. 899-902. In Russian. Survey of in- 
vestigations on extensive atmospheric showers of 
cosmic radiation. 

Izluchenie Plazmy v Magnitnom Pole. B. A. 
Trubnikov. AN SSSR Dokl., Feb. 11, 1958, pp. 
913-916. In Russian. Study of plasma radia- 
tion in a magnetic field. 


K Teorii Ushireniia —_ nykh Linii v 
Plazme. V. I. Kogan. SSSR Dokl., Feb 
11, 1958, pp. 907-910. 43 refs. In Russian. 
Results of the theory on spectral line expansion in 
plasma. 


Characteristic Direction for Equations of Mo- 
tion of Non-Newtonian Fluids. J. L. Ericksen. 
Pacific J. Math., Winter, 1957, pp. 1,557—1,562. 
Development of the necessary conditions and a 
tensor notation for the characteristic direction of 
fluid motion. 


IGY 


‘Mezhdunarodnyi Geofizicheskii God i Izmere- 
niia Vremeni. . Iu. Belotserkovskii. Jzmer. 
Tekh., Mar.-Apr., 1958, pp. 37, 38. In Russian. 
Discussion covering the activities of the Interna- 
tional Geophysical Year program and time meas- 
urements. 


Power Plants 


Small Power Plants for Use in Space. Louis 
Rosenblum. (JAS 26th Annual Meeting, New 
York, Jan. 27-30, 1958.) Aero/Space Enagrg., 
July, 1958, pp. 30-33, 51. 16 refs. Description 
of three energy sources—chemical, solar, and nu- 
clear—capable of an electric power output in the 
range of 100 to 1,000 watts. 
A Combination Powerplant for High-Perform- 
ance Aircraft. Jacques Dupin. Interavia, 1958, 
pp. 349-351. Design development and perform- 
ance characteristics of the power plant for the 
Nord-Aviation Griffon 02. 
Pl a wr Status of the Ion Rocket Engine. R. 
Boden. (North Am. Av. Rocketdyne R-645, 
Aug 26, 1957.) Western Av., May, 1958, pp. 12, 


iiber die verschiedenen Strahlan- 
triebe. O. Scholze. Flugwelt, May, 1958, pp. 
347-350. In German. Survey of various jet 
power-plant types, reciprocating engines, propjet, 
turbojet, turbojet with afterburner, and ram-jet 
units, and chemical rockets including liquid, 
solid, and thermonuclear propulsion systems. 


Jet & Turbine 


Gasturbinen. K. Leist. BWK, Apr., 1958, 
pp. 180-185. 291 refs. In German. Brief sur- 
vey of the gas-turbine development and evalua- 
tion of some characteristics. 


Uvod v Plinske Turbine. Boris Cernigoj. 
Strojniski Vestnik, No. 1/2, 1958, pp. 2-13. In 
Slovene. Description of open-circuit, fuel-injec- 
tion gas turbines and survey of the physical laws 
governing the main components of the power 
plant. 


Blade Flutter in Axial Flow Turbomachines. 
J. R. Schnittger. Appl. Mech. Rev., Apr., 1958, 
pp. 151-155. 45 refs. Review of the causes of 
blade stall and of some of the suggested design 
remedies. 


Taming the Supersonic Turbojet. E. A. 
Simonis. Av. Age, Apr., 1958, pp. 60-69. De- 
scription of a supersonic jet engine and its control 
systems. Methods of avoiding undue heat are 
discussed. 

Small Gas Turbines. The Engr., Mar. 21, 
1958, pp. 434, 435. Discussion of the ‘‘Palouste’’ 
gas turbine and a survey of power- plant develop- 
ment. 


Das britische Diisentriebwerk Rolls-Royce 
“‘Avon Serie 200.’’ Alfred Aepli. Flugwehr & 
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-Technik, Apr., 1958, pp. 92, 93. In German. 
Description of the British Rolls-Royce Avon jet 
power plant. 

The Bristol Orpheus. Aircraft (Australia), 
Apr., 1958, pp. 36-39. Presentation of data on 
the lightweight turbojet engine. 

‘*Aerodynamic’’ Combustion Ups Afterburner 
Performance. Jean Bertin and eee Sal- 
mon. Av. Age, May, 1958, pp. 46, 48, 50, 53, 54. 
llrefs. Description of an afterburner es ba aux- 
iliary jets instead of flameholders. 


Ram-Jet & Pulse-Jet 


Testing Air-Breathing Supersonic Powerplants. 
G. A. Sears and J. J. Bajek. (ARS Semi-Annual 
Meeting, San Francisco, June 10-13, 1957.) 
Jet Propulsion, May, 1958, pp. 303-308. _Discus- 
sion on the free jet method of engine dev elopment 
testing. Performance levels of various free jet 
diffuser types are defined, and a nomograph per- 
mitting rapid estimation of facility requirements 
and/or capabilities is included. 


Reciprocating 


Continental’s Fuel Injection for Business Air- 
craft. Wm. A. Wiseman. Auto Ind., Apr. 15, 
1958, pp. 58-60, 154, 155. Description of a sim- 
ple, low-pressure system to inject fuel into the 
intake valve port in the cylinder head. 

Scope Analyzes Reciprocating Engines. Ed- 
ward Sammis. Electronics, May 9, 1958, pp. 68- 
71. Description of a specially designed oscillo- 
scope which monitors ignition, vibration, and 
pressure of reciprocating engines. 


Rocket 


The DH Spectre. Aircraft (Australia), Apr., 
1958, pp. 34, 35. Includes details of the design 
and installation of the power pl:nt. 


Production 


Metalworking 


Wptyw Odpuszczania w Piecu i Cewce Induk- 
cyjnej na Naprezenia Wlasne i Udarnos¢ Warstwy 
Stali Zahartowanej Pradami Wielkiej Czestotli- 
woSci. Alfred Buch. Inst. Lot. Prace, No. 4, 
1957, pp. 10-14. In Polish, with summaries in 
English, French, German, and Russian. Descrip- 
tion of a method for measuring residual stresses in 
the hard layer of a sample hardened by high-fre- 
quency currents. 


Nekotorye Voprosy Teorii 
Techeniia. A. A. Il’iushin. AN SSSR Otd. 
Tekh. Nauk Izv., Feb., 1958, pp. 64- 86. 14 refs. 
In Russian. Discussion of some problems in the 
theory of plastic flow in terms of metalworking 
processes. 

Bonding Magnesium; Chance Vought De- 
velopments for Airframe and Missile Applica- 
tions. B.A. Forcht. Aircraft Prod., Apr., 1958, 
pp. 134-140. 


Pellet Extrusions Beef Up Magnesium Struc- 
tures. G.S. Foerster and H. A. Johnson. Prod. 
Eng., May 12, 1958, pp. 80, 81. Discussion of a 
process using magnesium pellets which are ex- 
truded into floor sections for the C-133 aircraft. 

Roll-Separating Force and Minimum Thickness 
of Cold-Rolled Strips. K. Tong and G. Sachs. 
& Phys. Solids, No. 1, 1957, pp. 35-46. 
14 refs. 


Flame Hardening. G. Meredith. Metal 
Treat., Apr., 1958, pp. 151-156. Discussion of 
the advantages in flame hardening, description of 
the equipment, and applications of the process to 
steel 

Distortion and Cracking. F. D. Waterfall. 
Metal Treat., Mar.; Apr., 1958, pp. 97-100; 139- 
144. Description of changes in shape and 
changes in volume caused by heat treatment, and 
ways of preventing these phenomena. 


Reducing Metal-Cutting Costs. R. T. Hook. 
Tool Engr., May, 1958, pp. 89-92. Study of ma- 
chines and machining methods, cutting tool ma- 
terials, and workpiece materials to reduce manu- 
facturing costs. 


Machining Titanium. G. W. Bauer. Tool. 
Engr., May, 1958, pp. 121-123. 


Brazing in Controlled Atmospheres and in 
Vacuo. E. V. Beatson. Brit. Welding J., Apr., 
1958, pp. 137-143. Discussion of the importance 
of moisture and oxygen contents in reducing at- 
mospheres where hydrogen acts as the reducing 
agent, and presentation of their effects. Practical 
aspects of joint penetration and filling are de- 
scribed with particular reference to the three 
brazing processes concerned. 


Applications of Numerical Control. L. S. 
Peck. Tool Engr., May, 1958, pp. 115-118. Dis- 
cussion of the advantages of numerical control 
systems; the two basic types—path control and 
position control—are described. 


Suggestions on Designing for Machining Heat 
Resistant Alloys. . D. Halverstadt. Steel 
Processing & Conversion, Mar., 1958, pp. 141-149, 
164. Discussion which includes: material selec- 
tion and dimensioning; such processes as drilling, 


tapping, turning, milling, and grinding; and con- 
sideration of surface finishing and damage. 

Electronically Controlled Milling Machine for 
Aircraft Components. The Engr., May 9, 1958, 
pp. 696, 697. 

Automatic Digital Control; Digital Data-Con- 
trol System for the Automatic Operation of Ma- 
chine-Tools. P. J. Farmer. Aircraft Prod., 
Apr., 1958, pp. 150-161. 

Numerically Controlled Rotary Tables Save 
Time, Increase Production at Lycoming. om 
Rasmussen and Vincent Beebe. Aircraft & 
Missiles Mfg., Jan., 1958, pp. 39-41. 

Machining Honeycomb. Aircraft & Missiles 
Mfg., Jan., 1958, pp. 44-46. Discussion of plas- 
tic chucking material which holds honeycomb 
material, and of the use of flexible gantry mills 
and band saws for cutting and finish machining, 

Aluminum Sculpture-Milling Achieves Indus- 
try Status. Robert McLarren. Aircraft & 
Missiles Mfg., Feb., 1958, pp. 10-12. 


Spin Forming; Materials, Techniques, and 
Applications for This Growing ‘‘Chipless Machin- 
ing’’ Process. Aircraft & Missiles Mfg., Feb., 
pp. 40-45. 

Welding of Cupro-Nickel and Aluminium- 
Bronze Alloys. C. A. Terry and E. A. Taylor. 
Brit. Welding J., May, 1958, pp. 211-225. 16 
refs. 

The Soundness of High-Temperature Brazed 
Joints in Heat-Resisting Alloys. A. Cibula. 
Brit. Welding J., May, 1958, pp. 185-201. _Dis- 
cussion of the influence of composition and brazing 
conditions on the spread of molten brazing alloys, 


High Temperature Brazing Looks Good for 
Missile Parts. J. V. Long and D. G. Cremer. 
Av. Age, May, 1958, pp. 30, 33. 

Arc Welding Titanium. Andrew Eshman and 
Thomas ore Aircraft & Missiles Mfg., Feb., 
1958, pp. 48- Statement of the effects of 
titanium on hn Edge, surface prepara- 
tion, and proper welding conditions are discussed. 


The Technique of Welding Aluminium and Alu- 
minium Alloy Vessels for Use with Concentrated 
Peroxide (H.T.P.). P. Bradley and 

A.C. Waite. Gt. Brit, RAE TN R.P.D. 157, 
No , 1957. 26 pp. 

O Vozdeistvii KolebaniiU1’trazvukovoiChastoty 
na Kharakter Kristallizatsii Svarochnoi Vanny. 
A. A. Erokhin, Iu. I. Kitaigorodskii, M. G. Kogan, 
and L. L. Silin. AN SSSR Otd. Tekh. Nauk Is0., 
Jan., 1958, pp. 140-142. In Russian. Discus- 
sion of the effect of ultrasonic-frequency oscilla- 
tions on the character of weld crystallization. 


Missile Production Requires New Techniques, 
F.R.Swaney. Tool Engr., May, 1958, pp. 81-84, 
Discussion of special manufacturing techniques 
for missile production. These include problems 
in electrical components, special testing, cleaning, 
optical tooling, and welding. 


How Sud Builds Caravelle Jet Transport. D. 
A. Anderton. Av. Week, May 26, 1958, pp. 60, 61, 
63, 67, 69, 71, 72, 75, 77, 79. 

Building the Sea Vixen. 
4, 1958, pp. 474-476. 


Production Concepts of the CF-105 Arrow. 


The Aeroplane, Apr. 


J. J. Keegan and T. R. Darmody. Aircraft & 
Missiles Mfg., Jan., 1958, pp. 24-30. 

SeaMaster. J. P. Kushnerick. Aircraft & 
Missiles Mfg., Feb., 1958, pp. 14-19. Discussion 


of the functioning of a rotary mine door, applica- 
tion of the free-fall quenching technique, and ap- 
plications of adhesive bonded honeycomb in the 
structure. 


F-105 Production Line **Colony’’ Sys- 
tem. = Stambler. Age, Apr., 1958, pp. 
54-57, Design and details of 
F- 105B. fighter bomber. 


SeaMaster. John Kushnerick. Aircraft & 
Missiles Mfg., Jan., 1958, pp. 32-36. Discussion 
of some production details of the Martin jet sea- 
plane. This includes details of the wing-fuselage 
splice, automatic riveting techniques, the use of 
titanium, and a description of anodizing equip- 
Po and its application to the treatment of wing 
skins 


Production Engineering 


I—How to Buy Controls for Bleed Air. Boyd 
Dahle. II—A Tip to Procurement People: 
Broaden Your Horizons. H. G. Golem. II— 
Traffic Control Saves Dollars. Earnest Solomon. 
IV—Republic Buys Packaging Outside. E. I. 
Little. V—-R&D Procurement Headache: Con- 
tract Changes and Their Control. L.H. Rhuart. 
Aero. Procurement, Apr., 1958, pp. 19, 49, 50; 
21, 22; 23,32; 25, 50,51; 26. 

Manufacturing the Light Plane. J. P. Kush- 
nerick. Aircraft & Missiles Mfg., Feb., 1958, pp. 
24-28. Discussion of the values of planning, 
standardization, and job know-how in aircraft 
manufacturing. A brief description of the Tri- 
Pacer, the Comanche, and the Apache is made. 

History of Producibility at Boeing. Aircraft? 
Missiles Mfg., Feb., 1958, pp. 29, 30. 

Man-Machine Balance Holds Key to System 
Reliability. W.P. Chase. Av. Age, May, 1958, 
pp. 72-74, 76. Discussion of a program to insure 
the proper division of functions between men and 
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FLIGHT IN THREE MEDIUMS 


Several things set the Polaris apart from other 
outer space weapons in the ballistic missile cate- 
gory, for the Polaris program involves a wholly 
new concept of weaponry. 


1. It will be dispatched from beneath the surface 
of the sea. 


2. It will be radically smaller than currently 
developed land-launched missiles, yet its pay- 
load will be as effective and its range the same 
as other IRBMs. 


3. It will be the first operational outer space mis- 
sile to employ solid fuel as a propellant. 


4. It will travel through three mediums in a single 
flight —water, air and outer space. 


5. Its launching base—a submarine—is not fixed 
but a mobile vehicle. 


OUTER SPACE PROGRAM 


Very little can be said about the Earth Satellite 
program at this time except that its success will 
necessitate advancing the state of the art in all 
sciences. 

The Earth Satellite Project is perhaps the most 
sophisticated outer space program to reach the 
“hardware” stage in the U.S. today. 


ENEMY SIMULATOR 


The Lockheed Kingfisher Q-5 is the nation’s 
fastest target missile, developed for the Air Force 
to test the accuracy of our newest supersonic 
weapons. 

It is a ramjet target vehicle with Mach 2-plus 
capabilities. The Q-5 not only has speed to match 
the defensive missiles, but can also simulate a 
vast array of supersonic enemy missiles and air- 
planes attacking from great height. It is instru- 
mented to score near misses and even theoretical 
hits without itself being destroyed. 

It is recoverable from flight by parachute to be 
flown again, permitting weapon system evalua- 
tion to be conducted at greatly reduced cost. 
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machines and to provide detail designs for increas- 
ing equipment operability and maintainability. 
Nital Etch Inspection. Martin Hartman. 
Aircraft & Missiles Mfg., Feb., 1958, pp. 54-58. 
Discussion of the effects of grinding wheel burns 
and their prevention. The dip and the swab 
methods used in applying the nital etch for locat- 
ing defects are discussed. 


Organizing for Reliability. R. M. Jacobs. 
Mil. Electronics, Apr., 1958, pp. 22, 23. Discus- 
sion of a development group organized according 
to the functional type of work performed by each 
engineering group in order to provide design con- 
tinuity from one project to another. 


Scientific Management of Ballistic Missile 
Systems. Irwin Stambler. Av. Age, Apr., 
1958, pp. 18, 19, 190-192, 196, 197, 199, 200. 


Tooling 


Plastics in Plant Tooling. O. F. Bernardin. 
Tool Engr., May, 1958, pp. 85-88. Discussion of 
the properties of plastics, their fabrication, and 
use as tools and repair equipment. 

On the Effect of Friction on Compression and 
Indentation Between Flat Dies. J. F. W. Bishop. 
A — & Phys. Solids, No. 2, 1958, pp. 132-144. 

2 refs. 


Spark Machining of Forging Dies. R. Cheval- 
lier. Metal Treat., Apr., 1958, pp. 135-138. 


Low-Cost Tooling; The Use of Aluminium- 
Powder Filler Plastics for Moulding Techniques. 
Aircraft Prod., Apr., 1958, pp. 130-133. 


Plastic Tooling-Epoxies Move in. A. E. 
Beckley. Aircraft & Missiles Mfg., Feb., 1958, 
pp. 31-35. Discussion of the characteristics and 
the general advantages of epoxy resins over other 
tooling plastics. 


Bonding Convair’s 880 Wings. Aircraft & 
Missiles Mfg., Jan., 1958, pp. 48,49. Description 
of the wing buck tooling fixtures and of the adhe- 
sive bonding process for the wing assembly. 


Propellers 


Propeller Safety; Precautions Against Mal- 
functioning of Engine, Propeller or Control Sys- 
tems. Flight, Apr. 25, 1958, pp. 561-563. 


Research, Research Facilities 


Environmental Testing. I—Defining Stresses 
of Environment. II—Designing for Environ- 
ment. III—Mechanical Testing Equipment. IV 
—Environmental Test Chambers. Electronics, 
Mar. 28, 1958, pp. 60-74. 18 refs. 


Laboratory for Space Research. Herbert 
Reich. Astronautics, Apr., 1958, pp. 37, 38, 78, 
79. Applications of a high vacuum chamber and 
a protective unit for research and evaluation 
studies of atmospheres corresponding to altitudes 
in excess of 100 miles. 


Wind Tunnels 


Some Experiments with a Resonance Tube in a 
Supersonic Wind Tunnel. Merwin Sibulkin and 
Thomas Vrebalovich. J. Aero/Space Sci., July, 
1958, pp. 465, 466. USAF-Army sponsored in- 
vestigation using a ring airfoil trip mounted on 
the tip of the resonance tube. Results show that 
the air column resonated at high pressure ampli- 
tudes, and that the temperatures near the base 
of the tube are well above the free-stream 
stagnation temperature of the wind tunnel. 


Die Windkanalbauarten und ihre Anwendungs- 
gebiete. Gerhard Schulz. Luftfahrttechnik, Apr. 
15, 1958, pp. 105-111. 26 refs. In German. 
Survey of modern wind-tunnel designs and evalua- 
tion of their application possibilities. Included 
are tunnels for large Reynolds and Mach Num- 
bers, as well as low-turbulence types and tunnels 
for specific applications. 


Careful Selection of Diffuser Materials Im- 
proves Wind Tunnel Performance. Roland 
Daugherty. Materials in Des. Eng., Apr., 1958, 
pp. 150-152. Description of a variable diffuser, 
and discussion of the selection and use of diffuser 
materials. 


Ramjet Test Facility Planning. R. O. Dietz, 
Jr., and A. H. Hinners, Jr. (ARS Semi-Annual 
Meeting, San Francisco, June 10-13, 1957.) Jet 
Propulsion, May, 1958, pp. 315-321. Presenta- 
tion of data showing that adequate planning of 
test facilities can be accomplished through careful 
review and analysis of ram-jet component research 
results. Potential effects of research in the field of 
test simulation methods upon facility performance 
requirements are discussed. 


Techniques of Flight Simulation for Ramjet 
Engines. Raymond Greenberg. (ARS Semi- 
Annual Meeting, San Francisco, June 10-13, 
1957.) Jet Propulsion, May, 1958, pp. 308-314. 
Discussion of the performance and operation of 
the ram-jet engine, and description of ground test- 
ing techniques. Schematic diagrams of the air 
supply, exhaust, and fuel systems are given. 


Design and Construction of the Main Compres- 
sor for the 8ft x 8ft High-Speed Wind Tunnel at 
R.A.E., Bedford. L. J. Cheshire, J. Y. G. Evans. 
W. A. Goodsell, and P. H. W. Wolff. (IME 
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Chartered Mech. 
Abridged. 

The Aero- 
(Also in Flight, 
Apr. 4, 1958, p. 446.) Discussion of the design 
and functioning of a high-speed wind-tunnel ca- 
pable of testing aircraft and missile models over a 
Mach Number range of 0.75 to 3.5. 

High-Altitude Facility. Flight, Apr. 11, 1958, 
pp. 479-482. (Also in The Engineer and The 
Aeroplane, Apr. 11, 1958.) Development of a 
high-altitude test plant. The evacuation of the 
test cell by an adaptation of the blow-down wind- 
tunnel technique is described. 

Tunnels Into Space. W. A. Hawkins. Air 
Force, May, 1958, pp. 54, 55, 57, 58, 62, 63. De- 
scription of the test facilities and operations of the 
Arnold Engineering Development Center. 


Meeting, London, Feb. 28, 1958.) 
Engr., Feb., 1958, pp. 56-59. 

High-Speed Research at Brough. 
plane, Apr. 4, 1958, pp. 484-486. 


Rotating Wing Aircraft, Helicopters 


NHI Ram-Jet Helicopter ‘‘Kolibrie.’’ L. R. 
Lucassen. AHS Newsletter, Apr., 1958, pp. 2-8. 
Discussion of the design, construction, and per- 
formance characteristics of the ‘‘Kolibrie.’’ The 
Tj-5 engine model is also described. 

Helicopter Handling Qualities; Where Do 
We Stand? I—Handling Qualities of Helicop- 
ters and VTOL Aircraft. J. P. Reeder. WI— 
Consensus of Opinion of NATC Pilots on Helicop- 
ter and VTOL Handling Qualities. T. L. Wer- 
necke. III—Automatic Stabilization Equipment 
in Relation to Helicopter Handling Qualities and 
Instrument Flight Capabilities. E.S. Carter and 
J. T. Stultz. IV—Helicopter and VTOL Han- 
dling Qualities. H.H. Slaughter. V—Helicop- 
ter Handling Qualities. F.W.Carlson. AHS /J., 
Apr., 1958, pp. 3-12. 

Nomograme Pentru Calculul Generatoarelor 
de Gaze Motocompresoare Utilizate la Antren- 
area Pneumaticd a Rotoarelor de Elicopter. St. 


Andrei. Stud. Cerc. Mec. Aplic., No. 4, 1957, pp. 
1,241-1,273. In Rumanian. Establishment of 


nomograms for the calculation of motocom- 
pressed gas generators used in pneumatic drives of 
helicopter rotors. 

Boost Systems for Helicopter Gas Turbines. 
A. W. Morley. Helicopter Assn. Gt. Brit. J., 
Apr., 1958, pp. 66-83; Discussion, pp. 84-90. 
Comparison of boost systems based on the degree 
of boost available, the endurance required, and 
the total weight for a given endurance. 


Single Rotor Merits. R. B. Lightfoot. AHS 
J., Apr., 1958, pp. 33-43. Comparison of single 
and multirotor types in terms of history, weight, 
performance, handling qualities and controlla- 
bility blade stall, noise, vibration, and mainte- 
mance. The advantages provided by the single 
rotor are discussed. 


A Simplified Simulation of the Helicopter in 
Automatic Stabilization Analyses. Appendix— 
Derivation of Simple Inertia Transfer Functions 
Rotor Stability Derivatives. K. E. Peress and 
Lawrence Kaufman. AHS J., Apr., 1958, pp. 
25-32. Derivation of simple explicit expressions 
for the required stabilization feedback gains in 
terms of the desired closed loop natural frequency, 
damping ratio, and physical constants of the 
helicopters. 


Safety 


Internal Dangers Threat in Space. A. J. 
Zaehringer. Missiles & Rockets, Apr., 1958, p. 
82. 


Space Travel 


Problems in Space Navigation. L.G. Walters. 
Missiles & Rockets, Apr., 1958, pp. 76-79. Re- 
view of the physical characteristics and kinemat- 
ics of the moon. Rocket design and the earth- 
moon trajectory are discussed and represented 
graphically. 


How to Travel Outside Our Solar System. 
Franco Fiorio. Missiles & Rockets, Apr., 1958, 
pp. 89, 90,93. Discussion covering chemical pro- 
pellants, the existence of cosmic rays, and the 
physiological length of human life for space travel 
purposes. The operation of the cosmo-ship is 
described. 


Flight Testing in the Space Age. 


burn, (CAI 


A. W. Black- 
Mid-Season Meeting, Vancouver, 
Feb. 27, 1958.) Can. Aero. J., Apr., 1958, pp. 
126-130. Presentation of a development pro- 
gram for achieving manned space flight. 


Moon Looks Promising as Manned Space 
Station. K. R. Stehling, Av. Age, May, 1958, 
pp. 22, 23, 180. Discussion of the advantages of 
the moon as a relay station and a scientific ob- 
servation point. 

Man on the Moon—Probes Due First. F. I. 
Ordway, III, and R. C. Wakeford. Missiles & 
Rockets, Apr., 1958, pp. 69-74. 89refs. Discus- 
sion of the possibilities of manned lunar flights. 
Navigation problems, establishment of satellites, 
and moon conditions and structure are analyzed. 
The Soviet moon program is also described. 


Geokosmicheskii Polet. G. Pokrovskii. Kry- 
Via Rodiny, Mar., 1958, pp. 9, 10. In Russian. 
Discussion of the aeronautical development and 
such limitations of space flight as the initial veloc- 
ity, air friction, and cooling. 


Celestial Iconospherics, the Ultimate Astron. 
omy. W. J. Berger. Jet Propulsion, May, 1958, 
pp. 337, 338. Introduction and definition of celes. 
tial iconospherics, as well as discussion of its ap. 
plication in the explanation of the universe. 


The Satellite Telescope. F. A. Smith. Brit. 
Interpl. Soc. J., Mar.-Apr., 1958, pp. 361-367, 
Discussion of the optical and structural design 
characteristics of a satellite telescope. Includes 
description of its operation. 


Recoverable Boosters Are Studied to Cut 
Manned Space Flight Cost. D. C. Romick, R, 
A. Belfiglio, and F. B. Sandgren. Missiles & 
Rockets, Apr., 1958, pp. 95, 96, 98, 100. 


Artificial Satellites—-A Bibliography of Recent 
Literature. I—1956. Mildred Benton. Jet Pro. 
pulsion, May, 1958, pp. 301, 302, 352. 66 refs, 


Some Notes on the American Satellites. Eric 
Burgess. Missile Des. & Devel., Apr., 1958, pp. 
14-17. Discussion of design characteristics and 
operation of satellites. Optical tracking stations 
are described, 

Explorer I. Astronautics, Apr., 1958, pp. 20- 
23, 83-87. Discussion of the instrumentation 
and structural design of the Explorer I launching 
vehicle. Flight mechanics used to orbit the 
satellite are described. 


Der Messatellit Explorer I (1958a). D. E. 
Kdlle. Raketentech. & Raumfahrtforsch., Apr., 
1958, pp. 62-64. In German. Presentation of 
data on the American Explorer I and Vanguard 
I satellites. 


Einige Ergebnisse aus den Beobachtungen der 
ersten russischen Erdsatelliten. H. K. Paet- 
zold Raketentech. & Raumfahrtforsch., Apr., 
1958, pp. 50-54. InGerman. Survey of dataon 
the upper atmosphere based on observations of 
the first Soviet satellites. These include tra- 
jectory variations and radio signals, 


Lifetimes of Artificial Satellites. R. R. New- 
ton. Jet Propulsion, May, 1958, pp. 331-333. 
Navy-supported analysis of the lifetime of artifi- 
cial satellites in a circular and an elliptic orbit. 


Analytical Chemistry and the Satellite. D. I. 
Walter. Anal. Chem., Apr., Pt. I, 1958, pp. 
15A-17A, 20A, 22A, 24A, 26A. A number of 
fields of research and development relevant to 
satellite technology are considered. The range 
and variety of the contributions of the chemist to 
the satellite program are presented. Semiconduc- 
tor technology, corrosion problems, and propellant 
chemistry are discussed, and some construction 
details of a satellite and its launching are given. 


Air Density Determination by Observation of 
a Satellite. R. Roberson. Jet Propulsion, 
May, 1958, pp. 330, 331. Presentation of a 
method providing a density function by a simple 
numerical process. 


Structures 


Bars & Rods 


Asupra Torsiunii Unor Bare Cilindrice. L. 
Hamburger, Fl. Dincd, and V. Manea. Stud. 
Cerc. Mec. Aplic., No. 4, 1957, pp. 1,091—1,100. 
In Rumanian, with summaries in French and 
Russian. Development of a method for the ap- 
proximate solution of the torsion problem for 
cylindrical bars. 


Skrecanie Cienkich Plaskich Elementéw Meta- 
lowych. Alfred Buch. Inst. Lot. Prace, No. 4, 
1957, pp. 3-9. 12 refs. In Polish, with sum- 
maries in English, French, German, and Russian. 
Derivation of a solution to the problem of torsion 
of a thin flat metal bar using the equations of the 
nonlinear theory of elasticity. 


Cylinders & Shells 


On Vibrations of Conical Shells. G. Herr- 
mann and I. Mirsky. (JAS 26th Annual Meeting, 
New York, Jan. 27-30, 1958, Preprint 766.) J. 
Aero/Space Sci., July, 1958, pp. 451-458. 


O Metoda Pentru Calculul fnvelitorilor Cilin- 
drice de Sectiune Circulara cu Ortotropie de Ma- 
terial. Christian Stanescu and Viorel Visarion. 
Stud. Cerc. Mec. Aplic., No. 4, 1957, pp. 1,173- 
1,195. In Rumanian, with summaries in French 
and Russian. Development of a method for the 
calculation of cylindrical shells with circular cross 
section and orthotropy of materials. 


Plasticheskoe Vypuchivanie Obolochek Vrash- 
cheniia. E. I. Grigoliuk. AN SSSR Otd. Tekh. 
Nauk Izv., Feb., 1958, pp. 130-132. In Russian. 
Derivation of a solution to the problem of plastic 
buckling in shells of revolution. 


Ustoichivost’ Krugovoi Tsilindricheskoi Obo- 

lochki, Zashchemelnnoi na Krivolineinykh Krom- 

O. M. Palii. AN SSSR Otd. Tekh. Nauk 

Izv., Jan., 1958, pp. 126-128. In Russian. Cal- 

culation of the stability of circular cylindrical 
shells with rigidly fixed curvilinear edges. 


Thin Pressurized Shells Look Best for Space 
Structures. J. S. Lewin. Av. Age, Apr., 1958, 
pp. 178, 179, 181-185. Discussion on the struc- 


tural and safety requirements of space vehicles. 
The trend in weight reduction and the solar radia- 
tion properties are given in tabular form. 
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Elasticity & Plasticity 

On Reciprocal Theorems in the Dynamics of 
Elastic Bodies and Some Applications. Hu Hai- 
Chang. Scientia Sinica, Feb., 1958, pp. 137-150. 
Systematic discussion of reciprocal theorems, and 
generalization of the results to bodies with aniso- 
tropic and nonhomogeneous elasticity and linear 
damping. 

A Note on the Deformable Region in a Rigid- 
Plastic Structure. R. M. Haythornthwaite and 
R. T. Shield. J. Mech. & Phys. Solids, No. 2, 
1958, pp. 127-131. ONR-sponsored extension of 
a method due to Bishop for determining the extent 
of the deformable region in a rigid-plastic body at 
yield, which is shown to be applicable to struc- 
tures. As an example, the extent of the deform- 
able region is determined for the bending of a 
clamped thin plate or arbitrary shape under a 
concentrated transverse load. 


Asupra Unor Probleme Spatiale ale Teoriei 
Elasticitatii. P. P. Teodorescu. Stud. Cerc. 
Mec. Aplic., No. 4, 1957, pp. 1,101-1,113. 14 
refs. In Rumanian, with summaries in English 
and Russian. Derivation of a solution for spatial 
problems in the theory of elasticity, using Fourier 
series. 

Asupra Utilizarii Transformarilor Conforme in 
Problema Plana a Elasticitatii Pentru Domenii 
Dublu Conexe. L. Solomon and D. Draghicescu. 
Stud. Cerc. Mec. Aplic., No. 4, 1957, pp. 1,115- 
1,132. In Rumanian, with summaries in French 
and Russian. Discussion of the application of 
conformal transformations to the plane elasticity 
problem for doubly connected domains. 


Ob Obshchikh Uravneniiak Teorii Ideal’noi 
Plastichnosti i Statiki Sypuchei Sredy. 
Ivlev. Prikl. Mat. i Mekh., Jan.-Feb., 1958, pp. 
90-96. 11 refs. In Russian. Derivation and 
analysis of the general equations in the theory of 
ideal plasticity for the case of Tresca-Saint Ve- 
nant’s conditions and the associated law of plastic 
flow. 


Teoriia Plastichnosti, Uchityvaiushchaia Osta- 
tochnye Mikronapriazheniia. Iu. I. Kadashe- 
vich and V. V. Novozhilov. Prikl. Mat. i Mekh., 
Jan.-Feb., 1958, pp. 78-89. llrefs. In Russian. 
Tentative derivation of the theory of plasticity 
taking into account the displacement of the center 
of the plastic-deformation area. 


K Priblizhennomy Resheniiu Differentsial’nykh 
Uravnenii v Teorii Uprugosti (Zadacha o Kru- 
chenii). N.S. Kurdin. AN SSSR Otd. Tekh. 
Nauk Izv., Feb., 1958, pp. 133-135. In Russian. 
Derivation of an approximate solution for differen- 
tial equations in the theory of elasticity. 


Plastic Friction-Lines on Bipolar Plate. Liu 
Shu-I. Sci. Rec., Jan., 1958, pp. 27-30. Appli- 
cation of the plane differential equation for fric- 
tion lines to a bipolar plate. It is shown that the 
friction lines are smoothly continuous and bend 
rapidly in the presence of an inflection. 


O Zakonakh Plastichnosti dlia Materiala s 
Uprochneniem. V. D. Kliushnikov. Prikl. Mat. 
Mekh., Jan.-Feb., 1958, pp. 97-188. 35 refs. 
InRussian. Analytical evaluation of methods in 
the solution of problems covering the relationship 
between stress and deformation of stress-harden- 
ing plastic materials. 


A Note on the Conditions of Compatibility. 
K. Washizu. J. Math. & Phys., Jan., 1958, pp. 
306-312. Analysis showing the dependency of 
the six conditions on each other, thus proving 
Southwell’s paradox. Emphasis is placed on the 
treatment of the boundary conditions in the varia- 
tional method. 


O Deformatsionnoi Anizotropii. B. A. Berg. 
Prikl. Mat. i Mekh., Jan.-Feb., 1958, pp. 67-77. 
13 refs. In Russian. Investigation of the stress 
problem in the case of a body subjected to two 
consecutive elastic deformations following an 
initial “‘natural’’ state. The theory of elasticity 
for anisotropic bodies is used in the analysis and 
the cases of a rod and a plate are given as illus- 
trative examples. 


Ob Opredelenii Intensivnosti Golovnykh Voln v 
Teorii Uprugosti Luchevym Metodom. A. S. 
Alekseev and B. Ia. Gel’chinskii. AN SSSR 
Dokl., Feb. 1, 1958, pp. 661-664. In Russian. 
Determination of head-wave intensity by the 
method of rays in the theory of elasticity. 


O Sviaziakh Mezhdu Napriazheniiami i De- 
formatsiiami v Neuprugikh Sredakh. A. A. 
Vakulenko. AN SSSR Dokl., Feb. 1, 1958, pp. 
665-668. In Russian. Description of a tenta- 
tive establishment of the theory of plasticity by 
means of a thermodynamic approach, and evalua- 
tion of the relationship between stresses and 
strains in nonelastic media. 


Plates 


Laterally Loaded Plates. Raymond Hicks. 
The Engr., Mar. 7, 1958, pp. 350-355. Study of 
the moment distribution around small circular 
holes, Includes derivation of a general expres- 
sion and its application to the moment distribu- 
tion around holes in plates which are triangular, 
elliptical, circular, and rectangular in plan. 


_Avtomodel’nye Zadachi Dinamicheskogo Iz- 


pwd Plastin. Iu. A. Dem’ianov. AN SSSR 
kl., Feb. 1, 1958, pp. 669, 670. In Russian. 


Jo the talented 


engineer and scientist 


APL OFFERS 
GREATER FREEDOM 
OF ACTIVITY 


APL has responsibility for the technical direction 
of much of the guided missile program of the 
Navy Bureau of Ordnance. As a result staff mem- 
bers participate in assignments of challenging 
scope that range from basic research to prototype 
testing of weapons and weapons systems. 

A high degree of freedom of action enables 
APL staff members to give free rein to their 
talents and ideas. Thus, professional advance- 
ment and opportunities to accept program re- 
sponsibility come rapidly. Promotion is rapid, 
too, because of our policy of placing professional 
technical men at all levels of supervision. 

APL’s past accomplishments include: the first 
ramjet engine, the Aerobee high altitude rocket, 
the supersonic Terrier, Tartar, and Talos missiles. 
Presently the Laboratory is engaged in solving 
complex and advanced problems leading to future 
weapons and weapons systems vital to the na- 
tional security. Interested engineers and physi- 
cists are invited to address inquiries to: 


Professional Staff Appointments 


The Johns Hopkins University 
Applied FP hysics Laboratory 


8605 Georgia Avenue, Silver Spring, Maryland 
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Send resume to: Engi- 
neering Employment 
Supervisor, Dept. 
A-38, BELL AIR- 
CRAFT CORPORA- 
TION, P. O. Box 1, 

Buffalo 5, New York. 


DYNA-SOAR 


SPACE 
FLIGHT 
VEHICLE 

of the future 
& 


OPENS KEY 
POSITIONS IN 


Automatic Control 


Systems 


Structures Research 


Hypersonic 
Aerodynamics 


Stress Analysis 


Structural Loads 


Analysis 
Human Engineering 


Weapon Systems 
Analysis 


@ Operational Analysis 


Desired qualifications: Proven 
Experience in 
positions in aircraft or mis- 
sile industry. Technical and 
Managerial capability, cogni- 
zant of state of arts. Ad- 
vanced degree: ME, AE or EE. 


responsible 


raft ft 


BUFFALO N.Y. 


Aero /Space Engineering + August 1958 


Study of problems covering the dynamic bending 
of plates. 


On ‘Buckling of a Simply Plate 
Under Compression Reacted by Shear.’’ Paul 
Seide. J. Aero/Space Sci., July, 1958, p. 472. 


Reshenie Smeshannoi Staticheskoi Zadachi 
Teorii Upragesti_ Bezkcaechnoi Polosy. N. 
I. Somov. AN SSSR Otd. Tekh. Nauk Isv., Feb., 
1958, pp. 136-— 138. In Russian. Derivation of a 
solution to the mixed static problem in the theory 
of elasticity for an infinite strip. 


Sandwich Construction 


Selection Guide for Sandwich-Panel Facing 
Materials. R.K.Humke. Prod. Eng., Apr. 28, 
1958, pp. 80-83. 


Testing Methods 


Some Developments and Applications of Brittle 
Lacquers; A Survey of Published Work and 
Some Original Contributions. II. J. R. Linge. 
Aircraft Eng., May, 1958, pp. 142-148. 


Thermal Stress 


A Proof of Duhamel’s Analogy for Thermal 
Stresses. A. J. A. Morgan. J. Aero/Space Sci., 
July, 1958, pp. 466, 467. 


Vliianie Neravnomernogo Nagreva na Ustoichi- 
vost’ Szhatogo Sterzhnia. L. A. Shapovalov. 
Prikl. Mat.i Mekh., Jan.-Feb., 1958, pp. 119-123. 
In Russian. Investigation of the stability of a 
clamped compressed bar in the case of nonuniform 
heating conditions and random compression dia- 
gram. 


Creep Behaviour of Circular Plates. B. Venka- 
traman and P. G. Hodge, Jr. (Polytech. Inst. 
Bkiyn., Dept. Aero. Eng. & Appl. Mech., PIBAL 
Rep. 369, Apr., 1957.) J. Mech. & Phys. Solids, 
No. 2, 1958, pp. 163-176. 13 refs. OSR-spon 
sored investigation. 


A Remark on the Analogy Between Thermo- 
elasticity and the Elasticity of Saturated Porous 
Media. J. Geertsma. J. Mech. & Phys. Solids, 
No. 1, 1957, pp. 138-16. Discussion of the analo- 
gous behavior of the temperature distribution in 
thermoelastic problems and the liquid pressure 
distribution in a saturated porous medium. Ap- 
plication is made to the cases of plane strain and 
plane stress, the latter for thin plates only. 


Wings 


O Verificare Experimentala a Metodei Clasice 
de Calcul la Aripi din Lemn. A. Petre. Stud. 
Cerc. Mec. Aplic., No. 4, 1957, pp. 1,303-1,308. 
In Rumanian. Experimental verification of the 
classical method for the calculation of wooden 
wings. 


Thermodynamics 


Nekotorye Zadachi Nagreva Neogranichennoi 
Plastiny Nestatsionarnymi Luchistymi Potokami. 
B. A. Grigor’ev. AN SSSR Otd. Tekh. Nauk 
Izv., Jan., 1958, pp. 86-94. InRussian. Evalua- 
tion of some problems covering the heating of an 
infinite plate by nonstationary radiant streams. 


Comments on ‘‘Characteristics and Sound 
Speed in Nonisentropic Gas Flows with Nonequi- 
librium Thermodynamic States.’’ Harold Mirels. 
J. Aero/Space Sci., July, 1958, pp. 460, 461. 


Combustion 


Evaluation of Flame Stability at High Reynolds 
Numbers. L. E. Bollinger. Jet Propulsion, 
May, 1958, p. 334. USAF-supported presenta- 
tion of an equation for the velocity gradient under 
steady-flow conditions, applicable to either lam- 
inar or turbulent flow fields. 


” O Modelirovanii Protsessov Goreniia i Gazi- 
fikatsii gw Topliva. V.A. Smirnov. AN 
SSSR Otd. Tekh. Nauk Izv., Jan., 1958, pp. 95-99. 
In Russian. Development of a method for simu- 
lating solid-fuel combustion and gasification proc- 
esses, 


O Vliianii Predvaritel’nogo Ispareniia na Pol- 
notu i Ustoichivost’ Goreniia Resgytenenge Top- 
liva. V. Ia. Basevich, AN SSSR Otd. Tekh. 
Nauk Izv., Feb., 1958, pp. 26 “32. 10 refs. In 
Russian. Study of the effect of vaperization on 
combustion stability of fuel sprays. Includes 
description of the experimental set-up and pres- 
entation of results, 


Viiianie Davieniia na Normal’nuiu Skorost’ 
Rasprostraneniia Plameni. S. A. Gol’denberg 
and V. S. Pelevin. AN SSSR Old. Tekh. Nauk 
Isy., Feb., 1958, pp. 33-41. 33 refs. In Russian 
Experimental investigation of pressure effect on 
the normal velocity of flame propagation, and sur- 
vey of previously obtained results. 


Heat Transfer 


Determination of Free Convection Heat Trans- 
fer Properties of Fluids by Transient Response of 
a Copper Sphere. J. E. Boberg and P. S. Star- 
rett. Ind. & Eng. Chem., May, 1958, pp. 807-810. 


How to Calculate Thermal Radiation from Ho 


Surfaces. . Thompson. Prod. Eng., Mar, 
31, 1958, pp. 116, 117. Presentation of charts ty 
help pick surface finishes and temperature leve 
which dissipate heat to the atmosphere faster. 


Stationary Convection in a Plane Liquid Laye; 
Near the Critical Heat Transfer Point. L. P 
Gor’Kov. (Zhurnal Teoret. i Exper. Fiz., Aug, 
1957, pp. 402-407.) Sov. Phys.-JETP, Feb, 
1958, pp. 311-315. Translation. Presentatiog 
of the results of the determination of the sym. 
metry and amplitude of the motion for supercritj. 
cal gradients. 


The Contra-Flow Gas-to-Gas Heat Exchanger; 
An Analysis Built Up from Fundamental Consid. 
erations. J. S. Turton. Aircraft Eng., May, 
1958, pp. 135-141. 

Teplootdacha v Trubakh pri Laminarnom Re. 
zhime Dvizheniia Zhidkosti s Uchetom Aksiial’noj 
D. A. Labuntsov. AN ‘SSSR 
Dokl., Feb. 1958, pp. 1,118-1,120. In Rus. 
sian. Analy tical study of heat transfer in Pipes 
for the case of laminar motion of a liquid, taking 
into account axial heat conduction. 


VTOL & STOL 


Ein Bewegungsrechner als UWbungsgerit fiir 
Lotrecht-Start- und -Landevorgange. Karl Zei- 
linger. Luftfahrttechnik, Apr. 15, 1958, pp. 116, 
117. In German. Description of a training de 
vice designed for VTOL and STOL simulation. 

Die verschiedenen Arten von Vertikalstart- 
flugzeugen. W. Just. Flugwelt, May, 1958, pp 
321-328, 339. In German. Review of various 
VTOL ty pes, covering the characteristics of heli- 
copters, ‘‘rotor-planes’’ (such as the Rotodyne), 
convertiplanes, types with flow deflection, tilting 
propeller, and wing-flap systems, and ducted fan 
types. Aircraft with blown surfaces and those 
with direct thrust are also included. 


The Fairey Rotodyne. D. M. Davies. AHS 
Newsletter, Mar., 1958, pp. 2-10. Discussion of 
the design features and development program for 
the 40-passenger rotary-wing aircraft. 


Some Performance and Operating Characteris- 
tics of Convertiplanes. R. L. Lichten. (SAE 
Natl. Aero. Meeting, Los Angeles, Oct., 1957.) 
AHS J., Apr., 1958, pp. 13-24. Analysis of the 
performance of four equivalent turbine-powered 
VTOL aircraft designs; the use of fixed vs. tilting 
wings is considered. The influence of disc load. 
ing on the characteristics of tilt-wing types during 
conversion is discussed. 


Now Available— 
Limited Supply 


The 1956 Edition of the 


AERONAUTICAL 
ENGINEERING 
INDEX 


® More than 5,100 abstracts of 
reports, periodical articles, 
meeting papers, books, and 
technical publications 

® Worldwide Coverage 


® Convenient Subject and Author 
Indexes 


AN INDISPENSABLE REFERENCE TOOL 
for the aero/space scientist and engineer 
in speedily locating literature on specific 
subjects relating to the design, develop- 
ment, and operation of aircraft, missiles, 
rockets, satellites, and spacecraft. 


Member Price: $10. 
| 
| 
| 


Nonmember Price: $15.* 


(*Add $1.00 for orders outside the 
U.S.A.) 


Copies may be obtained by writing to: 


Special Publications Dept. 
JAS, 2 E. 64th St., N.Y. 21, N.Y. 
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1AS News (Continued from page 23) 


e Amphenol Electronics Corporation re- 
ports that construction has begun on a new 
manufacturing and office building in 
Broadview, Ill., at Cermak Road and 25th 
Avenue. The plant will have 110,000 sq. 
ft. of production facilities and 54,000 sq. ft. 
of office and cafeteria space, according to 
the company. Knud Knudsen has been 
appointed President, and George W. Oehl- 
sen, Jr., General Manager, Danbury- 
Knudsen Division. Richard Steiger has 
been named General Manager, IPC Divi- 
sion. 

e Beech Aircraft Corporation has an- 
nounced the retirement of C. C. Pearson, 
Vice-President—Manufacturing, and the 
assignment of Frank E. Hedrick, Vice- 
President and a Director, to assume Mr. 
Pearson’s duties. Also announced were 
the promotions of George W. Hostettler to 
Manager; A. L. Clark to Manager, En- 
gineering, and Sales; and Frank W. Mc- 
Cabe to Special Assistant to Mr. Hostet- 
tler—all in the firm’s Boulder Division. 

e Bendix Aviation Corporation, Eclipse- 
Pioneer Division, has announced the pur- 
chase of a 117,000-sq.ft. building adjacent 
to the division’s 100-acre Teterboro, N.J., 
installation to house electronic system en- 
gineering and specialized manufacturing 
facilities. . . .Louis F. Polk, Bendix Vice- 
President and group executive, has been 
awarded an honorary Doctor of Science 
degree from Miami University. 

e Boeing Airplane Company has completed 
engine deicing and anti-icing tests on its 
707 prototype using a special device that 
resembles a venetian blind type of catch- 
er’s mask mounted in front of the No. 3 
engine. Designed by Boeing, the device 
reportedly sprayed water on the engine 
cowling. The company also announced 
the appointment of James E. Drummond, 
formerly with the Stanford Research In- 
stitute, to its Scientific Research Labora- 
tories where he will direct research in the 
field of plasma physics. . . .The Transport 
Division rolled out its 100th KC-135 jet 
tanker-transport, the division announced. 


Fairchild Engine and Airplane Corp. reports its F-27 commercial transport is the first jet-engine air- 
craft in airline service. It also is said by Walter Kidde & Co., Inc., to be the "first American-built plane 
to reach production which uses pneumatic systems to operate primary actuating systems."” Kidde 
pneumatic systems power the main and hose landing gear, gear-up locks, nose wheel steering, tail 


bumper, and propeller brakes. 


e Chance Vought Aircraft, Inc., reports 
that it has placed in operation a new $450,- 
000 research laboratory facility to test 
hydraulic fluid, jet fuel, and control sys- 
tems at extremely high temperatures. 


e@ Douglas Aircraft Company, Inc., reports 
that dimensions are identical in all models 
of its DC-8 jet transport: 189 ft., 9 in. 
wing span; 150 ft., 6 in. length; and a tail 
42 ft. from the ground. The first model is 
powered by four Pratt & Whitney JT3 
(J-57) engines. Subsequent models will 
have JT4 (J-75) or Rolls-Royce Conway 
engines, according to the firm. All will 
have combination sound suppression and 
thrust braking mechanisms. The firm 
also reports that five official world aircraft 
climbing speed records have been broken 
with a Navy Douglas F4D-1 Skyray that 
reached 49,212.5 ft. in 2 min., 36.05 sec. 

e Eastern Air Lines, Inc., reports that it 
has received its last piston-powered air- 
craft, a Douglas DC-7B, and that the next 
aircraft it will receive is a Lockheed Elec- 
tra. 

e Fairchild Engine and Airplane Corpora- 
tion reports that James H. Doolittle, 


Douglas Aircraft Company's entry into the jet-powered transport field recently had its maiden flight 
from the firm's Long Beach, Calif., plant. The DC-8 has been ordered by 17 airlines of the world, the 
firm reports.’ It is capable of carrying from 118 to 176 passengers. Further statistics are reported in 
the Douglas item on this page. 


NACA Chairman, was guest speaker at the 
dedication and first delivery ceremony of 
its F-27 prop-jet airliner. The aircraft 
went to West Coast Airlines. 


e@ The Garrett Corporation has announced 
the appointment of Harry H. Wetzel as 
Manager, AiResearch Manufacturing Di- 
vision, Los Angeles, Calif. Parker Bartlett 
and Stanley D. Whitaker have been named 
Sales Managers of the firm’s AiResearch 
Manufacturing divisions in Los Angeles 
and Phoenix, Ariz., respectively. 


e General Dynamics Corporation, Con- 
vair Division, reports that an all-metal, 
production-type replica of the 880 jet 
transport is nearing completion at San 
Diego, Calif. Karel J. Bossart and John 
C. Clark, both of Convair-Astronautics, 
have been appointed to the staff of R. C. 
Sebold, Vice-President — Engineering. 
Mr. Bossart, on leave as Technical Direc- 
tor, will act as Mr. Sebold’s assistant for 
missile engineering. Dr. Clark, former 
Staff Assistant to the Astronautics Divi- 
sion Manager, will be Mr. Sebold’s techni- 
cal and scientific assistant. . . .Stromberg- 
Carlson Division has named Kenneth M. 
Lord Director of Engineering, Electronics 
Division. . . .Electric Boat Division reports 
that keels for two more atomic submarines 
have been laid down... .General Atomic 
Division says the AEC has selected its 
TRIGA, a newly developed, multipurpose 
nuclear research reactor, to provide short- 
lived radioisotopes for the U.S. Life 
Sciences exhibits at the Second Interna- 
tional Conference on the Peaceful Uses of 
Atomic Energy in Geneva, September 1- 
13. 


e General Electric Company, Aircraft Gas 
Turbine Division, has formed a Commer- 
cial Engine Operation section with full 
responsibility for acceptance of engineer- 
ing design and for production, marketing, 
and servicing of large commercial turbine 
engines. Neil Burgess has been named 
Manager of the section. .. .Defense Elec- 
tronics Division, Heavy Military Elec- 
tronic Equipment Department, is building 
a new test facility for the ballistic missile 
radar system that the firm is also building. 
The division’s Light Military Electronic 
Equipment Department is producing the 
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armament system fire controls and flight 
controls for the Republic F-105, the firm 
announced. 


e General Precision Equipment Corpora- 
tion, Link Aviation, Inc., reports that 
construction has been completed on re- 
search and development facilities at Palo 
Alto, Calif. 

e Kelsey-Hayes Company has announced 
the appointment of Adolph E. Palty as 
Supervisor, Alloy Development and Eval- 
uation, Utica Metals Division. Kuang 
Lu Cheng has been appointed Associate 
Director of Research for the division, it 
was also announced. 


e Lear, Incorporated, has announced the 
appointment of John F. Harrigan as 
Manager, Grand Rapids Division, Dayton, 
Ohio, Area Office....LearCal Division 
has named Walton B. St. John Sales Man- 
ager for Airframe Accounts—Executive 
Aircraft Equipment. 


e@ Lockheed Aircraft Corporation has an- 
nounced the election of Vernon A. Johnson 
as Vice-President. He is Director, Corpo- 
rate Outside Offices. ...Missile Systems 
Division has announced installation of a 
new $1.5 million electronic brain at its 
Palo Alto, Calif., computing center... . 
The firm reports its JetStar utility jet 
transport has completed a 3,105 statute 
mile nonstop nonrefueled flight during 
testing at Edwards AFB. Also reported 
were two world’s records for its F-104A 
Starfighter: a speed record of 1,404.19 
m.p.h. and an altitude record of 91,249 ft. 


e The Martin Company has announced 
managerial changes at its Orlando, Fla., 
guided missile and electronics center: 
Sidney Stark was named Operations Man- 
ager, Pershing missile, and Henry M. 
Watts was appointed Chief Engineer. 
Named to other jobs were E. R. McDonald, 
Controller; C. A. Blaney, Director of Pro- 
curement; and A. R. Bergstrom, Director 
of Plant Facilities. 


e@ North American Aviation, Inc., Atomics 
International Division, reportsthat Chaun- 
cey Starr, North American Vice-President 
and Atomics General Manager, has been 
elected President, American Nuclear So- 
ciety....Autonetics Division has an- 
nounced that it is developing and fabricat- 
ing the guidance and control equipment 
for the GAM-77 missile program. Peter 
A. Kreider has been appointed Project 
Manager in this area. 


e Pan American World Airways, Inc., has 
announced the appointment of James D. 
Leet as New York District Sales Manager. 


e Pesco Products Division, Borg-Warner 
Corporation, has named Robert E. Kemel- 
hor Manager, Future Product Planning 
and Development, and has appointed 
Edward G. Howard, Washington, D.C., 
Representative. 


e The Ramo-Wooldridge Corporation’s 
Space Technology Laboratories has de- 
signed and built a new, small-size Mach 3 
variable density research wind tunnel for 
magnetoaerodynamic boundary-layer re- 
search studies for the USAF Ballistic 
Missile Division (ARDC), the firm an- 
nounced. 


Republic Aviation Corporation reports 
that it has delivered the first production 
model of the F-105 Thunderchief to the 
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Air Force. 
sale of its first Alouette II jet-powered 
helicopter to Inlet Airways of Alaska. 

e@ Solar Aircraft Company has named Ben 
Dundee Industrial Sales Representative, 
northeast district. 


The company also announced 


e Thompson Products, Inc., will open its 
West Coast Laboratory full-scale missile 
systems ground test facility for visits by 
delegates to the Western Electronics Show 
and Convention later this month. 

@ Union Carbide Corporation. ..Linde 
Company reports that it will erect a new 
oxygen plant and pipeline system—a 1,000- 
ton-per-day plant—to serve four U.S. Steel 
plants in the Pittsburgh area. Another 
300-ton-per-day plant is to be built at 
Pittsburg, Calif., for use by aero-space 
industry firms. 

United Aircraft Corporation. ..Pratt & 
Whitney Aircraft division has announced 
the promotion of Ross H. Begg, Jr., to 
Assistant to the General Manager. 
Sikorsky Aircraft reports that its helicop- 
ter automatic stabilization equipment has 
been certified by the CAA for use in com- 
mercial helicopters. 

e Vertol Aircraft Corporation has an- 
nounced the election of Hamilton W. Lord 


tas News 


as Treasurer and John A. O’Hara, Jr., as 
Secretary of the firm. Karl Fritsch hag 
been named Chief Development Engineer, 
Appointed to jobs in the new International 
Division were H. Stever Tremper, Man- 
ager; Richard S. Leslie, Manager, Service 
Department; Kenneth H. Hemberger, 
Acting Manager, Commercial Depart- 
ment; Lloyd Sloan, Manager, Sales En- 
gineering; and Philip M. Egan, Export 
Administrator. 


e Vickers Incorporated. . .Aero Hydraulics 
Division has named W. S. Bobier Chief 
Engineer, Detroit Activity. The division 
also appointed Walter K. Deacon Chief 
Engineer, Torrance Plant; he replaces 
Edward I. Brown who was named Director 
of Engineering, Machinery Hydraulics 
Division. 


e@ Vitro Corporation of America. . .Labo- 
ratories Division has installed a Bendix 
digital electronic computer for general engi- 
neering research at its Silver Spring, Md., 
facility. The company also announced 
the appointment of Robert W. Dillon 
as West Coast Sales Representative for the 
Vitro Weapon Systems Group. T. Wil- 
liam Hefferan, Jr., has been named Dayton 
Representative for the firm. 


IAS Sections 


Chicago Section 


A Summary of Meetings 


Members visited Argonne National 
Laboratory’s reactor facilities on April 23. 

They heard a description of the work 
at the facility and saw films of the Fast 
Reactor Program, the Argonaut Reactor, 
and the Experimental Boiling Water 
Reactor. 
> The annual student meeting was held 
at Illinois Institute of Technology on 
March 19. William J. Cochran, Project 
Coordinator, Grumman Aircraft, spoke 
before 100 members and students on 
“Flight Testing High-Performance Air- 
craft in the Transonic and Supersonic 
Speed Ranges.’’ 

He discussed flight and aerodynamic 
characteristics and phenomena associated 
with extreme speed ranges of modern jet 
fighters. He also described the sensation 
of weightless flight. 
>» Angus L. Wynn spoke on ‘‘Turbojets— 
Speedy, Simple, Safe, and Sure’’ at the 
February 5 meeting. Mr. Wynn is Super- 
visor, X279 Project Evaluation, General 
Electric Aircraft Gas Turbine Division. 
He described the design simplicity, high- 
speed capability, safety features, and oper- 
ational reliability of turbojets. 
p> Vic Canfield, Dayton Representative, 
Ryan Aeronautical Co., described develop- 
ment and flight-test operations of the X-13 
Vertijet. 

He said it was developed to study as- 
pects of VTOL and was not intended to be 
tactical. He illustrated his talk with 
movies showing the full operational se- 
quence of the X-13. 


J. S. Secretary 


Kansas City Section 


USAF Missile Progress Report 
by General Demler 


Major Gen. Marvin C. Demler, USAF, 
spoke on ‘‘The Air Force Guided Missile 
Program—-A Progress Report’’ before 
some 250 members of this Section who 
were joined by their SAE counterpart on 
April 24 (see photo, p. 112). 

General Demler, Deputy Commander 
for R&D, ARDC, updated his earlier re- 
port given in January at the IAS 26th 
Annual Meeting. He used slides and 
movies to illustrate the talk and was 
assisted by his aide, Major Joseph DuBois. 

J. R. MacPHERSON, Secretary 


Rocky Mountain Section 


Air Force Academy 
Courses Described 


Two speakers were featured at the April 
17 meeting—Lt. Col. G. C. Clementson 
and Capt. J. R. Plitt, both of the USAF 
Academy. They spoke on ‘Science and 
Engineering Curriculum at the Air Force 
Academy”? and ‘‘Facilities at the Air 
Force Academy—Permanent Site.”’ 

Lt. Colonel Clementson, Professor of 
Aerodynamics at the school, presented a 
detaiied examination of specific aspects 
of the curriculum—e.g., the recently added 
Astronautics Department courses. He 
used slide-projected charts for illustration. 

Captain Plitt, also using slides, described 
Academy facilities. He is special assist: 


ant to the Superintendent. 
D. A. KNow.Tton, Secretary 
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STAINLESS STEEL a 
HONEYCOMB | FUSELAGE SECTIONS 


SANDWICH STRUCTURES 


PISTON AND JET 3 HORIZONTAL 
POWER PACKAGES STABILIZERS a STRUTS 


METAL BONDED. 
ELEVATORS STRUCTURES 


AIRCRAFT SPECIALISTS IN MANY FIELDS 


Today, Rohr is the world’s largest producer of components for flight . . . from 
power packages to elevators to exotic, new structural materials. And, through long a 
experience, selected design and engineering talent, plus unique manufacturing machines, 
Rohr is a real specialist in these many fields. More than ever before, Rohr offers 
America’s aircraft industry a wide diversity of production facility 

for fast, low-cost, precision manufacture of components 


for present and future flight. 


AIRCRAFT CORPORATION 


MAIN PLANT AND HEADQUARTERS: CHULA VISTA, CALIF.; PLANT: RIVERSIDE, CALIF.; 
ASSEMBLY PLANTS: W!NDER, GA.; AUBURN, WASH. 
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Some 250 members and guests turned out to hear Major Gen. Marvin C. Demler present “The Air 
Force Guided Missile Program—A Progress Report'’ at the April 24 Kansas City Section meeting. IAS 
members were joined by their SAE counterparts for the meeting. 


San Antonio Section 


ICBM Development 
Traced by Bossart 


“The History and Importance of the 
ICBM”? was discussed by Karel J. Bossart 
at a meeting commemorating Armed 
Forces Week on May 16. Mr. Bossart is 
Technical Director, Convair-Astronau- 
tics. 

He outlined the progress of air weapons 
to the Atlas ICBM, referring to them as 
deterrents to an all-out war. Problems 
encountered in designing the basic struc- 
ture of missiles, the mixing of fuels, and 
missile guidance were also discussed. Mr. 
Bossart illustrated his talk with color 
slides of an Atlas launching. 

During the business portion of the 
meeting, Major Marvin Larsen was ap- 
pointed Second Vice-Chairman pro tem. 
Additions to various committees also were 
announced. 


ROBERT R. Perry, Secretary 


Tulsa Section 


Student Competition 
Sponsored by Section 


A student paper competition, sponsored 
by the Section and having no relationship 
to the Minta Martin Conferences, was 
held on March 11. 

Judges were William Lawrence, Ameri- 
can Airlines, with Russell Brown, Frank 
Dickey, and Edward Rutowski, Douglas 
Aircraft. 

First prize was won by B. T. Leland, 
University of Tulsa, for a paper on ‘‘The 
Jet-Propelled Propeller.’ 

Allen White, University of Tulsa, won 
second prize for his paper ‘‘An Investiga- 
tion of Rocket Engine Cooling by the 
Evaporation of Liquid Oxygen.” 

Armen Melikian, Oklahoma State Uni- 
versity, won third prize for a paper titled 
“Beyond the Cradle.” 

ALLAN M. Chairman 
Student Activities Committee 


Wichita Section 
Solid Propellant Cast Rockets 


“The Manufacture of Cast Composite 
Solid Propellants’’ was described by D. §, 
Nauman on May 14. Mr. Nauman js 
Propellant Plant Manager, Longhorn 
Division, Thiokol Chemical Corporation, 

He covered the construction of a cast 
solid rocket and listed several missiles 
using solid rockets for propulsion. He 
said the name Thiokol comes from the 
Greek words for gum and sulphur. The 
material sticks to almost everything and 
is widely used as a building construction 
adhesive. 

Mr. Nauman showed slides of various 
shape changes and pointed out the manner 
of burning to obtain a particular thrust- 
time relationship. The rockets, viewed 
down the nozzle, look like snowflakes, 
four-leaved clovers, or ‘‘n-leaved’’ roses, 
This stoichiometric ratio is not obtained 
purposely. A slight excess of fuel serves 
as a coolant for the exhaust nozzle. 

Newly elected Section officers are Mil- 
ford F. Vanik, Chairman; Howard W. 
Smith, Vice-Chairman; Everette L. Cook, 
Secretary; and Harry R. Clements, 
Treasurer. 


H. W. Situ, Secretary 
+ + 


Water-Based Aviation Award 
(Continued from page 15) 


flight tests, analytical studies of overall 
hydrodynamic characteristics of various 
seaplane configurations, specific tests 
and studies of seaplane stability, strut, 
used for hydroski and hydrofoil support 
and sea states affecting seaplane operations. 

He also has contributed several re- 
views and summaries of state of the art 
seaplane development and, at the 1948 
International Congress of Applied Me- 
chanics in London, gave a paper on the 
hydrodynamic characteristics of flying 
boats. Besides his work at BuAer, he 
also has been active in promoting basic 
research projects within industry, uni- 
versities, and other Government agencies. 

Mr. Locke was born in 1913, attended 
public schools in Forest Hills and Garden 
City, N.Y., Massachusetts Institute of 
Technology, and Stevens, from which he 
was graduated in 1937. 


Member Price $1.50 


AVAILABLE 


The National Midwestern Meeting-Weapons System Management Proceedings contains all unclassified 
papers presented at the meeting. 


Nonmember Price $2.50 
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An indication of the way research and 
development at Republic spans practical- 
ly the entire field of engineering and 
scientific endeavor is this partial list of 
current programs: investigations in 
magnetohydrodynamics, exotic structu- 


HOW CAN HEAT TREATMENT 
BOOST STRENGTH OF 
MOLYBDENUM ALLOY? 


One answer is suggested 
by this 10,000 X electron 
micrograph showing pre- 
cipitated low-temperature- 
stable phase finely dis- 
persed in matrix material. 
Grown from atomic size by 
heat treatment, precipitate 
induces lattice strains in 
matrix, imparting high 
strength properties. 


> RESEARCH 


FLUID DYNAMICS OF ORBITAL SPEEDS 


IN RAREFIED ATMOSPHERE—AE who 
can conduct basic research and trans- 
late results into practical applica- 
tions to hypervelocities of upper at- 
mosphere flight. Strong background 
in aeronautical R&D with theoreti- 
cal base essential. Advanced degree 
preferred. 


PRELIMINARY DESIGN FOR MISSILE & 


SPACE PROJECTS — AE with back- 
ground in 2 or more of these areas: 
propulsion, aerodynamics, stability 
& control, trajectory calculation, 
wind tunnel testing. Must be able to 
perform Parametric Studies. Ad- 
vanced degree preferred. 


OPTICAL & INFRARED TECHNIQUES — 
as applied to reconnaissance sys- 
tems development, MS, Physics. 

OPERATIONAL ANALYSIS, RECONNAIS- 
SANCE & DETECTION SYSTEMS — Ex- 
perience needed in aircraft or mis- 
sile technology in electronics, or 
vehicle performance, or armament, 
or structures, or applied math. MS 
in engineering, physics or math. 


FLIGHT TEST 


ANALYSIS — Power plant perform- 
ance; stability & control character- 
istics; other flight test data. AE or 
ME, 3-7 years relative experience. 


DATA REDUCTION — BS or equivalent 
experience oscillographic data re- 
duction & semi-automatic data 
reducing equipment. 


INSTRUMENTATION — Planning & ar- 
ranging installation of such systems 
as: FT photopanel, oscillographic, 
T/M & magnetic tape recording. Sr 
Engineer, EE (3-5 years relative 
experience); Jr Engineer, EE or 
applied electronic-physics. 


ELECTRONIC SYSTEMS— Planning & 
directing specific FT projects. EE’s 
—3 to 5 years in A/C systems. AE’s 
familiar A/C plus 3-5 years flight 
testexperience.Some Jr EE positions. 


DESIGN — EE’s or equivalent with 
7-10 years wiring design experience. 
AE able to design instrumentation 
installations. Familiar with optics, 
mechanics, high speed photography. 


WHATEVER YOUR FIELD, 

YOU’LL FIND DRAMATIC OPPORTUNITIES FOR 
EXPLORATORY WORK AT REPUBLIC IN MISSILE, 

AIRCRAFT & SPACE TECHNOLOGIES 


Advanced nature of work typified by alloy investigation illustrated below 


FLIGHT TEST ASSIGNMENT PROGRAM- 


MING — (Also test evaluation; liai- 
son) AE or EE with 3-5 years A/C 
systems experience. Able to co- 
ordinate overall flight test results. 
Pilot experience desirable but not 
essential. 

AE or ME with 3-5 years flight 
test experience. Familiar with in- 
strumentation, data analysis, system 
testing & mission planning. 


EXPERIMENTAL DESIGN/TEST 


FLUTTER & VIBRATION — Determina- 
tion of flutter and dynamic loads 
for high-speed aircraft. Design and 
testing of flutter models. Positions 
at different levels. MS-Engineering, 
Math or Physics with minimum of 
8 years experience. BS-Minimum 6 
years experience in flutter and dy- 
namic loads. 


AERODYNAMICS — Test and analysis 
of aerodynamic performance re- 
lated to aircraft, missiles and space 
vehicles. Positions at different levels. 
AE—1 to 5 years experience. 


Please send your resume in complete confidence to: 
Mr. George R. Hickman, ENGINEERING EMPLOYMENT MANAGER 


STEP 


FARMINGDALE, LONG ISLAND, NEW YORK 
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ral materials, nuclear applications to 
flight ...development of new concepts in 
hypersonic aircraft, re-entry configura- 
tions...new procedures and instrumen- 
tation to flight-test missiles, aircraft, 
satellites and space vehicles. 


ANALOG COMPUTATION — Computa- 
tion work and the analysis of sys- 
tems for diversity of upper atmos- 
phere applications. MS or PhD in 
Physics or Applied Mathematics or 
Engineering. Minimum 2 years an- 
alog experience. 


DIGITAL COMPUTER PROGRAMMING— 
Design and develop Management 
Control Systems for solution on 
IBM 704. Program engineering prob- 
lems involved in aircraft, missile 
and space vehicle projects. System 
analysts and programmers. Mini- 
mum 2 years programming experi- 
ence on IBM 704 Computer. 


DYNAMICS ANALYSIS — Analysis of 
radar and guidance systems, servos, 
analog computers and related areas. 
Supervisor: EE with 3-5 years ex- 
perience (Electrical or Electronic). 

Also openings for Senior, Princi- 
pal and Group Engineers. EE’s with 
2 to 3 years experience. 


SYSTEMS ANALYSIS — Analysis of 
electro-mechanical, electro-hydrau- 
lic and mechanical systems for air- 
craft and missiles. Positions at dif- 
ferent levels. ME’s with 3-5 years 
experience. 
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in the field of aeronautical engineering and space technology 


AERONADTICS 


Modern Airmanship. Edited by Neil D. Van 
Sickle. Princeton, N.J., D. Van Nostrand Co., 
Inc., 1957. 862 pp., illus., diagrs., tables 
$9.75. 

Written for civilian as well as military airmen, 
this highly comprehensive work on all the basic 
aspects of modern flying is the joint effort of 19 
authorities, under Colonel Van Sickle’s direc- 
tion, to bring together in one volume the lessons 
learned from half a century of commercial and 
military aviation. 

The core of the book is what the airman needs 
to know about the atmosphere and its attendant 
weather, aerodynamics and the theory of flight, 
the structure and propulsion of his craft, aircraft 
instruments and flight techniques, instrument 
flying, and air navigation. The new develop- 
ments in high-performance, supersonic, and jet- 
engine flying are fully developed, including the 
important areas of Arctic and wilderness flying 
which are special theaters calling for specific 
skills on the part of the airman. 

Other chapters discuss the classification and 
characteristics of modern aircraft types, the more 
important medical aspects of flight, and the de- 
velopment and operation of rotary-wing aircraft. 
Finally, a group of chapters deals with ground 
services—the layout of airports, servicing and 
maintenance, and the official organizations that 
control air traffic and perform rule-making and 
investigative functions. 


AIRPLANES 


_ Landing Gear Design. H.G. Conway. Pub- 
lished Under the Authority of The Royal Aero- 
nautical Society. London, Chapman & Hall, 
Ltd.; New York, The Macmillan Co., 1958. 
342 pp., illus., diagrs., tables. $12. 

Since landing gear design combines the best in 
mechanical and structural engineering and re- 
quires high precision in manufacture, particular 
attention is given in this textbook to practical 
design advice which should be of value to both 
aeronautical and student engineers. Commenc- 
ing with chapters on the purpose and arrangement 
of landing gears, problems of energy absorption, 
tires, wheels, and brakes are next considered. 
The general layout and detail design of landing 
gear are then described, with later chapters on 
shock absorbers, retraction and stressing. The 
final chapter deals with unorthodox landing gear 
(snow skis, skid landing gear, helicopter landing 
gear, etc.), and the book concludes with an index 
of aircraft types. 

The author is Director and Chief Engineer, 
Short Brothers and Harland Ltd., Belfast. 


AIRPORTS 


Apron Requirements for Turbine Powered 
Aircraft; A Reference Document of Principles 
and Guidance Material for Use by Those Con- 
cerned with Airport Planning. Montreal, Inter- 
national Air Transport Association, January, 
1958. 57 pp., diagrs. $0.75. 

Although this document is supplementary to 
Airport Buildings and Aprons, an IATA hand- 
book published in July, 1956, its aim is to present 
information relevant particularly to turbine- 
powered aircraft operations on the apron, and 
therefore it should not normally be necessary 
to refer back to the earlier work. The present 
document was compiled by a group of specialists 
representative of a variety of airline interests— 
technical, operations, cargo and passenger traffic 
and facilitation—working under the overall di- 
rection of the Technical Committee of IATA. 
Among the material it contains which will be of 
interest to airport owners, operators, and ad- 
ministrators and to municipal and national gov- 
ernment officials are the following sections: 

General Considerations: Factors affecting blast 
from jet engines (blast levels, effects of blast, 
means for countering blast effect), the effects of 
heat, fumes, factors affecting noise, noise level 
tests, apron clearing, fuel spillage, and pavement 
markings. 

Apron Systems and Requirements: Passenger 
convenience and comfort; parking in relation to 
blast, heat, and noise; terminal configuration 
and apron system layout; aircraft loading and 
servicing points; turning circles; clearance be- 
tween aircraft and buildings; guide lines; docks 
and mechanical conveyance systems; mobile 
servicing equipment; apron occupancy time; 
and assignment of stands. 
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Fixed Servicing Installations: Fuel, electrical 
ground power; ground communications; light- 
ing and water; compressed air for starting; and 
cabin air conditioning. 

Apron Load Handling Facilities: Principles 
governing the flow of passengers; baggage, freight, 
and mail; consideration of conveyance systems 
for moving aircraft; and passengers, baggage, 
and freight on the apron. 


ASTRONOMY 


The Exploration of Space by Radio. R. 
Hanbury Brown and A. C. B. Lovell. New 
York, John Wiley & Sons, Inc., 1958. 207 pp., 
diagrs., illus. $6.50. 

Although the phenomena of radio emission 
from space was discovered over a quarter of a 
century ago, the possibilities of the investigation 
of the universe by radio methods were not fully 
realized until the second World War when many 
scientists were brought in close touch with radar. 
The initial postwar development of radio as- 
tronomy occurred primarily in England and Aus- 
tralia, but the discovery in 1950 of the radio 
emission from the neutral hydrogen gas in inter- 
stellar space aroused considerable interest in 
Holland and the United States, and the subject 
is developing with great rapidity. 

The present book surveys the whole field of 
radio astronautical studies, including the radio 
echo, or radar, techniques for the investigation 
of various aspects of the solar system, as well as 
the receiving techniques used to study the solar 
and the galactic and extragalactic radio emis- 
sions. 

Mr. Brown is Reader in Radio Astronomy, 
University of Manchester, while Mr. Lovell is 
Professor of Radio Astronomy at the same institu- 
tion and Director of the Jodrell Bank Experimen- 
tal Station, 

Contents: (1) The Astronomical Background. 
(2) Some Properties of Radio Waves. (3) 
Techniques of Radio Astronomy. (4) Galactic 
and Extragalactic Radio Emissions. (5) The 
Hydrogen Line. (6) The Scintillation of the 
Radio Stars. (7) Solar Radio Waves. (8) 
Meteors. (9) Radio and the Aurora Borealis. 
(10) Radio Investigations of the Moon Planets 
and the Earth Satellite. (11) The Jodrell Bank 
Radio Telescope. 


CONTROL THEORY 


Analysis and Control of Nonlinear Systems; 
Nonlinear Vibrations and Oscillations in Physical 
Systems. Y. H. Ku. New York, The Ronald 
Press Co., 1958. 360 pp.,diagrs. $10. 

This book is intended to provide electrical and 
mechanical engineers, physicists, and applied 
mathematicians with a practical and up-to-date 
account of the available techniques for the analy- 
sis and control of nonlinear physical systems. 
Both analytical and topological methods of 
solving nonlinear differential equations are pre- 
sented, covering both mechanical vibrations and 
electrical oscillations, while physical examples in 
both mechanical and electrical systems which in- 
volve nonlinearities are worked out in detail. 
The reader is expected to utilize the analog be- 
tween mechanical and electrical systems so that 
a given solution for a problem in a mechanical 
system can be utilized to solve a similar problem 
in the electrical system, and vice versa; other 
physical systems, such as hydraulic and acoustic, 
can be studied in like manner. A feature of the 
book is the new approach to third- and higher- 
order nonlinear differential equations, based on 
the author’s method of space trajectory in 
dimensions, which extends the phase-plane 
method to the phase-space. 

Mr. Ku, who is Professor of Electrical Engi- 
neering, University of Pennsylvania, includes in 
his work numerous problems in nonlinear circuit 
analysis and a bibliography containing more than 
700 references. 

Thinking by Machine; A Study of Cyber- 
netics. Pierre de Latil. Translated by Y. M. 
Golla. Boston, Houghton Mifflin Co., 1957. 
353 pp., illus., diagrs. $5.50. 

The implications of the general concept of feed- 
back, or retroaction, and its relation to cyber- 
netics is the chief subject of discussion in this 
work by a noted French scientific author who 
writes primarily to give the layman an under- 
standing of the technological revolution ex- 
pected to follow the wide-scale adoption of self- 
governing machines. Mr. de Latil describes the 
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principles that make the most complex automatic 
machines possible, as well as the fundamentals of 
their construction, but—more importantly— 
concentrates on those aspects of thinking and 
human experience which enabled a small nucleus 
of scientists to unite two spheres which were 
formerly independent or even opposed—mathe. 
matics and physiology. From this marriage of 
two separate systems, cybernetics was born, and 
the book attempts to show that not a single 
field of science is likely to remain unaffected by 
the mathematical reasoning and experiments now 
employed in bridging the scientific and _philo- 
sophical gap between machines and life. 


DICTIONARIES 


Castilla’s Spanish and English Dictionary, 
Vol. 1, English-Spanish; Vol. 2, Spanish-English, 
New York, Philosophical Library, 1958. Vol. 1, 
1611 pp., tables; Vol. 2, 1137 pp., tables. $45 
the set. 

Compiled by a panel of engineers, technologists, 
lexicographers, legal and industrial experts, and 
translators, this dictionary is intended to serve 
those in industry, business, or engineering who 
have occasion to employ both Spanish and Eng- 
lish terms that have an immediate technical con- 
notation. In general, the words appearing in 
this work are from the fields of engineering tech- 
nology (although certain terms from the physical, 
chemical, and biological sciences which are of 
importance to engineers and technologists have 
also been included) and are those used in everyday 
technical language, not special or obsolete terms, 
Except in cases of ambiguity, definitions do not 
show the field to which the terms belong nor are 
the terms cross-referenced. When dealing with 
words that are untranslatable, a brief explana- 
tion is given; also, the most important abbrevia- 
tions are included at the head of each letter. The 
dictionary closes with tables giving the main 
equivalents of the metric and the American and 
English systems of measurements. 


ELECTRONICS 


Television in Science and Industry. V. K. 
Zworykin, E. G. Ramberg, and L. E. Flory. 
New York, John Wiley & Sons, Inc., 1958. 300 
pp., illus., diagrs., tables. $10. 

In this book the authors seek to explore the 
function of television as an extension of human 
sight—variously called closed-circuit or indus- 
trial television to distinguish it from the broad- 
cast function—and to describe the tools that 
have been developed to realize it. Analyzing 
both equipment and applications, they discuss 
closed-circuit color television and the improve- 
ments achieved by transistorization, stereo tele- 
vision, specialized television methods in research 
(including aeronautical research), and television 
microscopy. The principal fields of application of 
television in industry, research, medicine, educa- 
tion, commerce, military affairs, and the home are 
outlined. 


The Encyclopaedia of Radio and Television; 
A Complete Alphabetical Reference to All As- 
pects of Modern Radio Technology. 2nd Ed. 
J. H. Reyner, Technical Consultant. New York, 
Philosophical Library, 1958. 736 pp., diagrs., 
tables. $12. 

This encyclopedia, which is the work of,13 
authorities and contains over 3,000 entries and 
nearly 800 illustrations, has been prepared with 
a view to providing easy and useful reference 
to all the main aspects of modern radio and tele- 
vision engineering. Among the subjects it covers 
are the fundamentals of radio; transmitting and 
receiving theory and practice, including broad- 
casting; television techniques; radar; com- 
munication systems; components; measuring 
instruments; and electrical machinery and power 
supplies. A separate reference section contains @ 
number of nomograms, a wide range of formulas 
with worked examples, and other data. 


EQUIPMENT 


Fluid Pressure Mechanisms. H. G. Conway. 
2nd Ed. New York, Pitman Publishing Corp., 
1958. 235 pp., diagrs. $6.75. 4 

This work deals with the mechanism of fluid 
pressure equipment and systems—i.e., hydraulic 
and pneumatic machinery. It is not concerned 
with detail design or constructional features of the 
equipment, but with the essential principle of the 
various devices, how they work, and how they 
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differ from each other. The scope of the book 
covers hydraulic, pneumatic, and compressed 
gas systems of high, medium, and sometimes low 
pressure. 

The revised edition (Ist Ed., 1949) contains 
new diagrams, as well as new material on slide 
valves, jacks with force limitation, special cou- 
plings, three-position jack systems, and synchroni- 
zation systems. Perhaps the most important 
change is a substantial revision of the chapter on 
servosystems to bring it more into line with mod- 
ern servo practice. 


FLUID MECHANICS 


Fundamentals of Gas Dynamics. Edited by 
Howard W. Emmons. (High Speed Aero- 
dynamics and Jet Propulsion, Vol. 3.) Prince- 
ton, N.J., Princeton University Press, 1958. 
749 pp., illus., diagrs., tables. $20. 

In this volume, contributors from the gas 
dynamics field present a thorough treatment of 
those aspects of gas dynamics essential to the 
study of high-speed aerodynamics and jet pro- 
pulsion. The topics under discussion include the 
equations of gas dynamics and their development 
in forms most useful to aerodynamicists; one- 
dimensional treatment of both steady and 
nonsteady gas dynamics; hydrodynamic dis- 
continuity phenomena, covering gas dynamic 
problems associated with shock waves and other 
considerations; shock-wave interactions; and 
condensation phenomena in high-speed flows. 

A section devoted to the gas dynamics of com- 
bustion and detonation deals with aerothermo- 
dynamic problems of combustion, flow dis- 
continuities associated with combustion, and the 
gas dynamical aspects of combustion. 

The volume closes with an analysis of the flow 
of rarefied gases in which the regimes of slight and 
extreme rarefaction are examined and an ac- 
count is given of the experimental data available 
in the slip and transition regimes for various 
geometries of aerodynamic interest. 


1958 Heat Transfer and Fiuid Mechanics 
Institute; Held at University of California, 
Berkeley, Calif., June 19-21, 1958; Preprints of 
Papers. Stanford, Calif., Stanford University 
Hey 1958. 264 pp., illus., diagrs., tables. 

50. 


Contents: Survey: Theoretical Aerothermo- 
dynamics, Howard W. Emmons. Fluid Dy- 
namics: Effect of a Contraction on Turbulence 
and Temperature Fluctuations, R. R. Mills, Jr., 
and S. Corrsin. Experimental Investigation of 
Turbulent Pipe Flow with Coolant Injection, 
S. W. Yuan and A. Barazotti. An Analysis of 
the Energy Separation in Laminar and Turbulent 
Compressible Vortex Flows, Robert G. Deissler 
and Morris Perlmutter. Dynamics of Reactive 
Fluids: Mass Transfer Cooling with Combustion 
ina Laminar Boundary Layer, J. P. Hartnett and 
E.R. G. Eckert. Considerations Related to the 
Quenching of Flames with Simple Kinetics, Mel- 
vin Gerstein and A. E. Potter, Jr. Wave Propa- 
gation in a Reacting Mixture, Boa-Teh Chu. 
Criteria for Thermodynamic Equilibrium in Gas 
Flow, Morton Rudin. Compressible Couette 
Flow with Diffusion of a Reactive Gas from a De- 
composing Wall, Eldon L. Knuth. Heat Trans- 
fer: Boundary-Layer Transition and Heat 
Transfer in Shock Tubes, R. Hartunian, A. 
Russo, and P. Marrone. Heat Transfer and 
Friction in Swirling Turbulent Flow, Frank 
Kreith and David Margolis. Turbulent Heat 
Transfer on Highly Cooled Blunt Nosed Bodies 
of Revolution in Dissociated Air, Peter H. Rose, 
Mac C. Adams, and Ronald F. Probstein. Nat- 
ural Convection Heat Transfer in Liquids 
Confined by Two Horizontal Plates and Heated 
from Below, Samuel Globe and David Dropkin. 
Magnetohydrodynamics: Drag of a Sphere Mov- 
ing in a Conducting Fluid in the Presence of a 
Magnetic Field, K. P. Chopra and S. F. Singer. 
On a Class of Magnetic Laminar Boundary 
Layers, Patil S. Lykoudis. Hypersonics: Ex- 
ploratory Studies of a Spiked Body for Hypersonic 
Flight, S. M. Bogdonoff and I. E. Vas. Results 
from Aerodynamic Studies of Blunt Bodies in 
Hypersonic Flows of Partially Dissociated Air, 
A. J. Vitale, E. M. Kaegi, N. S. Diaconis, and 
W. R. Warren. The Laminar Hypersonic Heat 
Transfer on a Blunt Body According to the Inte- 
ral Method, Paul A. Libby. The Two-Phase 

ypersonic Laminar Boundary Layer—A Study 
of Surface Melting, S. M. Scala and G. W. Sutton. 
Thermal Analyses of Stagnation Regions with 
Emphasis on Heat Sustaining Nose Shapes at 
Hypersonic Speeds, A. J. Hanawalt, A. H. Bless- 
ing, and C. M. Schmidt. Survey: Magneto- 
hydrodynamics, Rolf K. Landshoff. 


Fluid Mechanics. Victor L. Streeter. 2nd 
Ed. New York, McGraw-Hill Book Co., Inc., 
1958. 480 pp., illus., diagrs., tables. $7.50. 

Part One of this two-part work explains the 
properties of fluids, fluid statics, and the under- 
lying framework of concepts, definitions, and 
basic equations for fluid dynamics. Also in- 
cluded, with illustrations and elementary applica- 
tions, are a treatment of viscous effects and the 
effects of density changes on fluid flow, a dis- 
cussion of two-dimensional flow of an ideal fluid, 
and a presentation of dimensionless parameters. 
Part Two deals with the important fields of ap- 
Plication of fluid mechanics: turbomachinery, 
Measuring of flow, closed conduit and open- 
channel flow, and automatic fluid controls. 


The author is Professor of Hydraulics, Uni- 
versity of Michigan, and has organized the ma- 
terial primarily as a beginning undergraduate 
course in fluid mechanics. 


GRAPHICS 


Graphic Science; Engineering Drawing, De- 
scriptive Geometry, Graphical Solutions. Thomas 
E. French and Charles J. Vierck. New York, 
McGraw-Hill Book Co., Inc., 1958. 758 pp., 
illus., diagrs. $8.50. 

The three portions of this text deal with engi- 
neering drawing—the fundamentals of projection 
and the communication phase; descriptive 
geometry—the solution of space problems of 
points, lines, planes, and surfaces; and graphical 
solutions—the solution of mathematical prob- 
lems of particular interest to engineers. The 
book stresses not only the communication phase, 
but also the methods and procedures that will ac- 
complish graphic determination and computa- 
tion. In place of subjects such as jigs and fix- 
tures, gears and cams, architectural and struc- 
tural drawing, there is a complete coverage of 
descriptive geometry—points, lines, planes, inter- 
sections, curved lines, and curved and warped 
surfaces. In addition, vector geometry, graphi- 
cal solutions, functional scales, nomography, 
empirical equations, and calculus are covered. 


INSTRUMENTS 


The Gyroscope; Theory and Applications. 
James B. Scarborough. New York, London, 
Interscience Publishers, Inc., 1958. 257 pp., 
illus., diagrs., tables. $6.50. 

The aim of this book is to give a systematic and 
reasonably complete treatment of the mathe- 
matical and mechanical aspects of the gyroscope 
and its more important applications. Since 
vector methods are employed in this treatment 
without, however, assuming a knowledge of these 
methods on the part of the reader, the first chap- 
ter is devoted to the exposition of the amount of 
vector analysis needed in the subsequent chap- 
ters. Constructional details are not entered 
into except insofar as they may aid in clarifying 
fundamental principles of gyroscopic motion, and 
fretion has been left out of consideration because 
the construction, mounting, and casing of 
modern gyroscopes are such as to keep friction of 
all kinds as low as possible. 

The author is presently Professor Emeritus of 
Mathematics, United States Naval Academy. 


MATERIALS 


Differential Thermal Analysis: Theory and 
Practice. W. J. Smothers and Yao Chiang. 
New York, Chemical Publishing Co., Inc., 1958. 
444 pp., illus., diagrs., tables. $16. 

As first developed, differential thermal analysis 
dealt mainly with minerals and soils, but in re- 
cent years the trend has been to use DTA for 
identification of chemicals so that workers in the 
fields of chemistry, geology, soil science, ceramics, 
and metallurgy will find this book useful. This 
book is the compilation into one volume of in- 
formation gathered from hundreds of scattered 
articles and includes such topics as the origins of 
DTA, DTA equipments, factors in qualitative 
DTA with some selected applications, theoretical 
background and applications of quantitative 
DTA, the use and correlation of DTA results, 
and recent developments and applications in the 
field. An attempt has been made to limit dis- 
cussion and reference to differential thermal 
analysis as compared to thermal analysis; how- 
ever, special cases of the latter have been cited. 

More than 50 per cent of the book consists of 
appendixes: (1) Publications on DTA (1,546 
items), (2) Information on DTA Equipment, 
which gives the names of 255 United States and 
foreign laboratories with pertinent data on each, 
(3) Index of Operators of DTA Equipment, and 
(4) Alphabetical Reference List of Materials 
Studied by DTA. 

Mr. Smothers is Director of Ceramic Research, 
The Ohio Brass Co., and Mr. Chiang is Research 
Associate in Colloids, Department of Chemistry, 
Ohio State University. 


Rapid Analysis of Nonferrous Metals and Al- 
loys. George Norwitz. New York, Chemical 
Publishing Co., Inc., 1958. 112 pp. $4.25. 

This book differs from previously published 
works on metal analysis in the following re- 
spects: (1) there is an increased reliance on 
sequence procedures, (2) mathematical correction 
factors are advantageously used to eliminate 
lengthy separations, (3) colorimetric procedures 
are stressed, and (4) increased use is made of 
perchloric acid, especially in destroying organic 
matter. 


A Symposium on Aluminium and Its Alloys in 
Electrical Engineering; Convened by the 
Aluminium Development Association and Held 
at the Institution of Electrical Engineers, Lon- 
don, May 16-17, 1957. London, The Alumin- 
ium Development Association, December, 
1957. 369 pp., illus. 20s. 

The present publication reproduces papers and 
discussions contributed by a variety of technical 
interests—mostly from the British electrical in- 
dustry and from the United States, France, 
Germany, and Italy. 


MATHEMATICS 


Introduction to Fourier Analysis and Gener- 
alized Functions. M. J. Lighthill. (Cambridge 
Monographs on Mechanics and Applied Mathe- 
matics.) Cambridge, Eng., At the University 
Press; New York, Cambridge University Press, 
1958. 79 pp., diagrs., tables. $3.50. 

This monograph, which grew out of an under- 
graduate course taught by the author at the Uni- 
versity of Manchester, employs elementary and 
uncomplicated treatment throughout and re- 
quires little detailed knowledge of mathematical 
techniques. A particular feature is the use of 
generalized-function theory to derive a simple, 
widely applicable method of obtaining asymptotic 
expressions for Fourier transforms and Fourier 
coefficients. 


MISSILES 


Guided Missiles: Operations, Design, and 
Theory. Sponsored by the Department of the 
Air Force. New York, McGraw-Hill Book Co., 
Inc., 1958. 575 pp., diagrs. .00. 

This volume is a reproduction in book form of 
Air Force Manual 52-31 which was compiled in 
1955 by the instructors and staff of the Air Train- 
ing Command’s school for missiles at’ Lowry 
AFB, Colorado, to serve as a primer for military 
personnel concerned with the handling and opera- 
tion of guided missiles. The topics discussed 
include a brief history of guided missiles and a 
description of the organization within the United 
States Air Force which is charged with their de- 
velopment. Aerodynamics, propulsion, instru- 
mentation, and electronic control and guidance 
systems are covered as they relate to the guided 
missiles field, and methods are given for the 
operation, maintenance, and _ inspection of 
guided-missile control and guidance systems. 


PHOTOGRAMMETRY 


Analytical Photogrammetry. Everett L. Mer- 
ritt. New York, Pitman Publishing Corp., 
1958. 242 pp., diagrs., tables. $7.50. 

This general analytical treatment of photo- 
grammetry commences with an exposition of the 
geometric laws of perspective and concludes 
with the equations for the determination of the 
position, spatial configuration, and orientation 
of an irregular object surface without object 
space control. General explicit and iterative 
equations are developed for the single and mul- 
tiple camera stations, and it is shown that any 
problem is some simplification of the general 
analytical equations of photogrammetry. 

The author is Technical Director, Photo- 
grammetry, Inc. 


RESEARCH 


The Direction of Research Establishments; 
Proceedings of a Symposium Held at the Na- 
tional Physical Laboratory on 26-28 September, 
1956. New York, Philosophical Library, 1957. 
384 pp., illus., diagrs. $12. : 

Contents: (1) Fundamental and Applied As- 
pects of Research Problems, J. D. Bernal. (2) 
The Research Project: Choice and Termination, 
Willis Jackson. (3) Creativity and the Scientist, 
Morris Stein. (4) Personality and Social Fac- 
tors Related to Creativity, D. J. van Lennep. 
(5) Budgets and Administrative Controls, D. R. 
Willson. (6) Some Factors Affecting Laboratory 
Administration, E. S. Hiscocks. (7) Science and 
Workshop, R. Vieweg. (8) Buildings: What is 
Required, F. M. Lea. (9) Building for Re- 
search; Design, Construction and Layout of 
Laboratories, H. A. Snow. (10) Selection and 
Personal Assessment of Staff, W. S. Bristowe. 
(11) Staff Selection and Assessment, F. T. Rosser. 
(12) Superiors and Subordinates in Research, 
Herbert A. Shepard. (13) Staff Groupings and 
the Flow of Authority, C. R. Harington. (14) 
Incentives, Stanley Mayne. (15) Internal Com- 
munications in a Large Research Laboratory, 
C. G. Williams. (16) Studies in the Use of Tech- 
nical Information in the Smaller Industrial Es- 
tablishments (with Supplement), Louis Moss and 
L. T. Wilkins. (17) Knowledge: Passing it On— 
Getting it Used, A. T. Green and A. E. Dodd. 
(18) Some Fundamental Difficulties in Popu- 
larizing Science, M. W. Thistle. (19) Extramural 
Communications, Arthur Garratt. 


ROTATING WING AIRCRAFT 


Helicopter Technician. Prepared by Shep- 
pard Air Force Base, Texas. (USAF On the 
Job Training Program; Program No. JA43170.) 
Washington, Superintendent of Documents, 1957. 
392 pp., diagrs. $2.00. 

This packaged program contains the OJT Out- 
line and Training Standard, job knowledge, work 
experiences, references, and guidance necessary 
to develop the proficiency required of a Helicopter 
Technician. 

Contents: (1) The Helicopter. (2) Weight and 
Balance. (3) Aircraft Materials. (4) Bearings. 
(5) Repair Procedures. (6) Electrical Main- 
tenance. (7) Engine Conditioning. (8) Trans- 
mission Systems. (9) Vibrations. (10) Cold 
Weather Maintenance. (11) Ground Safety. 
(12) Supplies and Technical Orders. (13) Main- 
tenance Forms. (14) Management. (15) Prod- 
uct Improvement Program. (16) Odds and 
Ends. (17) Test. 
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ELECTRONIC 

ENGINEERS 


A BS or advanced degrees in 
EE, ME, or Physics, may 
qualify you for a rewarding 
career at North American Avi- 
ation, in one of these fields: 


Flight Control Analysis, 
Reliability Analysis, Flight 
Simulation, Systems Analysis. 


Electrical Systems Analy- 
sis and Design, Mission and 
Traffic Control, Fire Control. 
Bombing Systems, Elec- 
tronics Systems Integration, 
Flight Controls, Ground Sup- 
port Equipment, Airborne 
and Electronic Test Equip- 
ment. 

Applied Research in Ra- 
dome Development, Antenna 
Development, Infrared, and 
Acoustics. 

Please write to: Mr. H H. 
Stevenson, Engineering Per- 
sonnel, North American 
Aviation, Los Angeles 45, 
California. 


THE LOS ANGELES DIVISION OF 


NORTH 
AMERICAN 
AVIATION, INC. 


SENIOR 
STAFF 
OPENINGS 
IN 
BASIC 
RESEARCH 


The Boeing Scientific Research Lab- 
oratories are engaged in a program 
of fundamental research designed to 
make major contributions to the prog- 
ress of the aeronautical sciences. 
High-level staff positions are open 
now in the fields of 


Gas Dynamics 
Plasma Physics 
Mathematics 

Solid State Physics 
Electronics 
Physical Chemistry 


Boeing grants scientists the latitude 
and independence needed to achieve 
and maintain leadership in their special 
fields. Scientists interested in carry- 
ing on their work in this kind of stim- 
ulating research environment are in- 
vited to communicate with Mr. G. L. 
Hollingsworth, Associate Director of 
Scientific Research Laboratories 


% Mr. Stanley M. Little 
Dept. AB-1, P.O. Box 3822 
Boeing Airplane Company 
Seattle 24, Washington 


August 1958 


A few high-level opportunities with 
Missile & Ordnance Systems Dept. 
of General Electric 


PROPULSION ENGINEERS 


BS, MS, PhD in Chemistry, Physics 
or Aeronautical Engineering, plus 6 to 
10 years’ experience in advanced pro- 
pulsion systems. 


Analyze requirements and provide 
specifications for propulsion sys- 
tems of diverse types (liquid and /or 
solid propellant, nuclear, turbo- and 
ram-jet). Integrate system analysis 
and design; establish system and 
sub-system ground and flight test 
requirements. 


AERONAUTICS SPECIALIST 


PhD in Aeronautics Engineering 
preferred; 6 to 10 years’ experience 
in high-temperature heat transfer and 
shock wave studies. 


Conduct experimental investigations 
of shock-wave and_heat-transfer 


phenomena with extremely ad- 
vanced installations at Aeroscience 
Laboratory. 


THERMODYNAMIC ENGINEER 


ME or AE degree, plus 5 to 10 years’ 
experience in aerodynamic heating 
problems. 


Initiate, plan and execute analytical 
and experimental studies related to 
aerodynamic heating and thermo- 
dynamic aspects of nose cone de- 
velopment. 


PHYSICIST ... 
AEROSCIENCE LABORATORY 


MS degree plus 5 to 8 years’ ex- 
perience. 


Investigate solid state phenomena 
and shock hydro-dynamics asso- 
ciated with development of struc- 
tures for hypersonic vehicles. 


The major technical programs at 
MOSD are carried on under long- 
term prime development contracts. 
The climate here is one of scientific 
curiosity pursued under ideal lab- 
oratory conditions. 


Please send your resume to: 
Mr. Richard 
Eddy, Div. 2-MT 


MISSILE & ORDNANCE SYSTEMS DEPARTMENT 


GENERAL ELECTRIC 


3198 Chestnut Street 
Philadelphia 4, Pa. 
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This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Engineers—Flight Control Systems Designers 
—Capable of making systems analyses and cus- 
tomer contacts. Also requires the writing of pre- 
liminary and detail design specifications. It is 
anticipated that these men would monitor sub- 
contract work and have the ability to direct the 
effort of this type of organization. Ground 
Equipment Design Engineers—Capable of inte- 
grating radar tracking systems, tape storage, tape 
playback, command and guidance console re- 
uirements into one master system. Data Link 
ystems Design Engineers—Experienced in 
transmission of high resolution, radar, infrared, 
TV or Photomaps via LF, HF, or microwave fre- 
quencies plus knowledge of transducer needed for 
instrumentation. Antenna Systems Design En- 
gineers—Cognizant of antenna systems from 50 
me. to K band with design experience of spiral and 
slot-type systems. Must write design specifica- 
tions and contact subcontractors. Electronics 
Countermeasure Engineers—Familiar with the 
repeater and jammer field systems. Analysis 
and customer contact experience are required. 
Radar Systems Engineers—With broad knowl- 
edge of radar systems, radar mapping, or surveil- 
lance-type radar equipment. Involves deter- 
mination of preliminary and detail design speci- 
fications, system analysis, and customer contact. 
Infrared Systems Engineers—Familiar with de- 
tectors, lenses, and cooling equipment. Requires 


The number preceding the notice 
represents the Box Number of the 
Institute of the Aeronautical Sciences 
to which inquiries should be addressed. 


system design experience plus the ability to pre- 
pare detail and preliminary design specifications 
and to contact customers. Contact Employment 
Manager, Fairchild Aircraft Division, Hagers- 
town, Md. 


Instructor—Aeronautical Engineering—The 
University of Southern California has an opening 
for an instructor in its aviation safety program. 
Students are U.S. Air Force, Navy, and Army 
pilots. Instructor should have B.S.A.E. and 
preferably flying experience and a background in 
the design or testing of jet power plants. Thisisa 
full-time position at base salary of $8,500 for an 


SECTION HEAD 


Soar. 


supervisory experience. 


Send resume to: 


Dept. A-41 


AUTOMATIC CONTROLS 


You will direct section responsible 
for designing automatic control sys- 
tems for guided missiles and our 
new space flight program, the Dyna- 
Advanced engineering de- 
gree desirable, minimum of five 
years experience in design and de- 
velopment of automatic pilots, full 
knowledge of various theoretical 
techniques for synthesizing auto- 
matic control systems. Engineering 


Engineering Employment Supervisor, 


BELL AIRCRAFT CORPORATION 
P. O. Box 1, Buffalo 5, New York 


Programs. 


Pp ic and hyp 


11-month year, with usual academic holidays. It 
involves approximately 12 hours of classroom in- 
struction per week. Time may be made available 
for study or consultation service in industry. 
Position to be filled by October 15, 1958: Ap- 
pointment will be made in September, 1958. 
Send inquiries to Aviation Safety Division, 
U.S.C., Los Angeles 7, Calif. 


Engineers—The Naval Air Test Facility (Ship 
Installations), U.S. Naval Air Station, Lakehurst, 

.J., lists the following openings. Senior Per- 
formance Analyst—($8,645 per annum). The 
incumbent will be responsible for the supervision 
of engineers performing analytical tasks related to 
evaluation of launching and recovery equipment 
and related aircraft capabilities. ‘Senter Elec- 
tronic Scientist—($8,645 per annum). The incum- 
bent will be responsible for the supervision of en- 
gineers who plan and coordinate the utilization of 
instrumentation for all evaluation projects con- 
ducted by this activity. He will also establish 
the technical requirements for new instrumenta- 
tion systems. Mechanical Engineers, Electrical 
Engineers, and Physicists—($4,480 to $7,465 per 
annum). Immediate openings for recent gradu- 
ates and experienced engineers for work related to 
the development and evaluation of carrier launch- 
ing and arresting equipment. Work includes such 
facets as stress analysis, performance analysis, 
magnetic recording, computer programing, tele- 
metering, graphic record analysis, and aircraft 
instrumentation. Send inquiries to Alfred Leone, 


STABILITY AND CONTROL GROUP LEADER: 


For Aircraft Division, Aerodynamics Section, on Jet VTOL Development 
MS Aero, Mechanical Engineering, Mechanics, Physics or 
Applied Math. Six to eight years’ experience in stability and control 
analysis on advanced aircraft or missile applications primarily on 


Programs. 


primarily on 


AERODYNAMIC HEATING GROUP LEADER: 


For Aircraft Division, Aerodynamics Section, on Jet VTOL Development 
MS Aero, Mechanical Engineering, Mechanics, Physics or 
Applied Math. Six to eight years’ experience in aerodynamic heating 
and heat transfer analysis on advanced aircraft or missile applications 


design pt 


and hyp design 


Send resume to Engineering Employment Supervisor, Indus- 
trial Relations Dept. A-37, BELL AIRCRAFT CORPORATION, 
P. O. BOX 1, Buffalo 5, New York. 


group leaders. 


August 1958 «+ 


AIRCRAFT= 


> STRUCTURAL DESIGN ENGRS 
> STRESS ANALYSTS 
> WEIGHT ENGRS 


Due to expansion, a new aircraft division is being formed. 
Several key positions are available in our metropolitan 
New York facility. These positions offer high salaries for 
engineers capable of assuming i diat 


Please send detailed resume to 


ponsibility as 


Dr. N. R. Dubois 
Box 875 
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SENIOR 
GAS DYNAMICS 
RESEARCH 


The Boeing Scientific Research Laboratories 
offer scientists and engineers an outstanding 
opportunity to conduct basic, long-range 
research in an environment of scientific free- 
dom. Programs afford research scientists and 
engineers the latitude and independence 
needed to achieve and maintain leadership 
in their special fields. 


Important staff positions are now open in the 
Gas Dynamics Laboratory, for: 


Aeronautical Scientists 

Electrical and Electronic Engineers 
Physicists 

Physical Chemists 


and others with B.S., M.S., and Ph.D. de- 
grees, to work in such areas of investigation 
as 


Re-Entry 

Hypervelocity Flight 
Rarefied Gas Dynamics 
Magnetohydrodynamics 
High Temperature Reactions 
Propulsion Dynamics 


Salary will be commensurate with your 
education and experience background. For 
immediate response, address your inquiry to 
the attention of Dr. Yusuf A. Yoler, 


% Mr. Stanley M. Little 
Dept. AG-1, P. O. Box 3822 
Boeing Airplane Company 
Seattle 24, Washington 


BOEING 
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Chief Engineer, Naval Air Test Facility (Ship 
Installations), Naval Air Station, Lakehurst, N.J. 


Engineers— Diversified engineering positions 
are available involving engine research, design, 
design and performance analysis, test engineering, 
compressor and turbine design, controls systems, 
and other engineering operations associated with 
the general field of design and development of 
gas-turbine power plants. Send résumé to Felix 
Gardner, Fairchild Engine Division, Fairchild 
Engine and Airplane Corp., Deer Park, Long 
Island, N.Y. 


Aeronautical Engineer—Air Transportation 
Systems—Senior research position available in 
air traffic control and other air transportation 
system studies. Required qualifications include 
wide experience in analysis of aircraft per- 
formance characteristics and design require- 
ments; extensive experience in airline operations 
problems; and familiarity with operational as- 
pects of electronic navigation, communication, 
and control systems. Salary open. Please reply 
to N. Stimson, Cornell Aeronautical Laboratory, 
Inc., 4455 Genesee St., Buffalo 21, N.Y. 


Assistant or Associate Professor—Will be re- 
sponsible for aeronautical option, and will teach 
aerodynamics and airplane performance, starting 
fall term 1958. Industrial experience and Mas- 
ter’s degree preferred. Department of Me- 
chanical Engineering, Oregon State College, 
Corvallis, Ore. 


Engineers—The Naval Air Rocket Test Sta- 
tion, located in the pleasant resort area of north 
Jersey, has an immediate opening for a qualified 
aeronautical or mechanical engineer as an 
Aeronautical Rocket Power Plant Research 
Engineer, GS-12 ($8,645 per annum). Specific 
assignment is in the Projects Group which spe- 
cializes in diversified tasks of a nonroutine nature 
involving research, development, preliminary de- 
sign, and qualification test programs of rocket 
engines, components, and propellants thereof. 
Inquiries should be addressed to Industrial Rela- 
tions Officer, U.S. Naval Air Rocket Test Sta- 
tion, Lake Denmark, Dover, N.J. A résumé of 
qualifications and experience should be provided 
on Standard Form 57, which may be obtained 
from any U.S. post office. 


Aeronautical Engineer—To teach lecture and 
laboratory courses. Up-to-date knowledge of 
the field required. Working and living condi- 
tions excellent; salary and opportunity very at- 
tractive. Write to Dean of Engineering, Cali- 
fornia State Polytechnic College, San Luis 
Obispo, Calif. 


Available 


872. Maintenance and Flight Engineer—Age 
32. Heavy experience in aircraft operation, 
maintenance, and inspection on various light and 
large types, and 5 years as flight engineer on 
Lockheed Constellation aircraft in overseas air- 
line operation. Extensive maintenance and 
flying experience on the Bristol Britannia Mk. 
310 aircraft. Also extensive administrative ex- 


perience and ability. Interested in main- 
tenance, technical representative, flight engi- 
neering, or similar position. 

871. Aeronautical Engineer—Solid back- 


ground includes 2 years in aircraft stress, 2 years 
in the military, and 13 years in engineering 


education from teaching to administration. 
Registered mechanical engineer. Consulting en- 
gineer. Limited flight experience. B.S. and 


M.S. in A.E. Available in September. 


869. Engineer—M.S. in Ae.E. Eight years’ 
engineering experience in the aircraft industry. 
Lecturer in heat transfer at a major southern 
California university. Engineering experience 
primarily concerned with analytical design and 
development of pneumatic systems, cabin and 
equipment conditioning systems, defog systems, 
turbine-driven auxiliary power systems, etc. 
Wide experience in heat-transfer analysis, com- 
pressible fluid flow analysis, and research and 
development testing. Present position involves 
supervision of group responsible for analytical 
design and development of conditioning and defog 
systems on a high-performance aircraft. Desires 
a position of more scope and responsibility, either 
technical or technical management. Will con- 
sider relocation. Complete résumé on request. 


868. Engineer—Presently employed 
field of airframe sales; desires an interesting 
change in export sales. Some 16 years in the 
aviation business including experience as a pilot, 
sales and service engineer, and flight-test engi- 
neer. Traveled extensively in Europe and the 
Far East, and has a speaking knowledge of Ger- 
man and Spanish. Many contacts in the com- 
mercial airline field, as well as miliary acquaint- 
ances. Has worked with NATO, USAF, and 
BuAer as an engineering consultant in the avia- 
tion field. Present salary is above $11,000. 
Would like a traveling-type assignment, and can 


in the 


August 1958 


CHIEF 
STRUCTURAL 
RESEARCH 
SECTION 


You will supervise and coordi- 
nate structural research programs 
in heat transfer and other ad- 
PhD in 
Aeronautical or Structural En- 


vanced flight regimes. 


gineering. Minimum of eight 
years of progressive applicable 
experience. For space flight 


assignment. 


Send resume of qualifications 
to: 
Engineering Employment Supervisor 
Dept. A-39 
BELL AIRCRAFT CORPORATION 
P.O. Box 1, Buffalo 5, New York. 


relocate at a moment’s notice. Detailed résumé 


forwarded upon request. 


867. Aeronautical Engineer—B.S. in Ae.E; 
Age 33. One year of college teaching experience, 
plus 8 years’ diversified aeronautical experience 
in aircraft flight handbooks, product research and 
development (including VTOL), and aerodynamic 
performance pertaining to a wide variety of 
piloted aircraft. Last 3 years as aerodynamics 
group leader. Presently in flight dynamics with 
a large airframe manufacturer as senior aerody- 
namics engineer performing development work on 
varied aircraft types. Thoroughly grounded in 
aircraft specifications. Desires broader respon- 
sibilities and a shift to VTOL aerodynamic de- 
velopment and/or missiles aerodynamics with a 
progressive company that can offer a career op- 
portunity. Interesting work and growth poten- 
tial are of paramount importance. Will consider 
only East Coast location. Résumé forwarded 
upon request. 


866. Contract Management—15 years’ ex- 
perience in engineering and management with 
large and small aircraft and engine manufacturing 
companies. One year in project engineering, 
31/2 years on general manager’s staff, and 3!/: 
years on engineering management staff. Last 7 
years in contact management areas of program 
proposals to military services and program plan- 
ning and management control. Heavy experience 
in dealing with top engineering, production, ac- 
counting, and sales executives. Desires position 
of greater responsibility with small- or medium- 
size manufacturer or research center. Prefers 
eastern Ohio or western New York State location. 
Now employed by major U.S. corporation. Sal- 
ary is $7,500 per year. Age 32. 


865. Aeronautical Engineer—Desires position 
in the development of research and engineering 
subject classifications for airplane and guid 
missile information and in other phases of docu- 
mentation of technical reports; or a position in 
technical editing and translation. Sixteen years’ 
experience with the Navy Department in organiz- 
ing and maintaining a bibliographic research 
office, setting up a system of subject classification, 
abstracting and reference service, and training 
personnel in these procedures. Author of Subject 
Classification of Technical Reports and other books 
for the Navy, and editor of The Technical Data 
Digest for the U.S. Air Force. 
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